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I, the undersigned, being an officer duly authorised in accordance with Section74(l) and (4) of 
the Deregulation and Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the international 
application filed on 21 MAY 2002 under the Patent Cooperation Treaty at the UK Receiving 
Office. The application was allocated the number PCT/GBO2/02387 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 1980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or the inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p.l.c, pic, 
P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
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Applicant's or agent's File reference 

(if desired) (12 characters maximum) AM/ 1853999 



Box No. I TITLE OF INVENTION 
POSITION SENSOR 




Box No. II APPLICANT - Q This person is also inventor 


Name and address: (Family namefollowed by given name; for a legal entity, fidl official designation, 
the address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is, country) of residence if no State of residence is indicated bel o\ v.) I 

SYNAPTICS (UK) LIMITED 

7340 Cambridge Research Park 

Ely Road, Waterbeach 

Cambridge CBS 9TB 

GB s 


Telephone No. 


Facsimile No. 


Teleprinter No. 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 
GB 


State (that is, country) of residence: 
GB 




Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 


Name and address: (Family namefollowed by given name; for a legal entity, ffill official designation: 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that ft, country) of residence if no State of residence is indicated below J 

ELY, David Thomas Eliot 

Synaptics (UK) Limited 

7340 Cambridge Research Park 

Ely Road, Waterbeach 

Cambridge CB5 9TB 

GB 


This person is: 

| | applicant only 

|X J applicant and inventor 

| 1 inventor only (If this check-box 

1 1 is marked, do not fill in below.) . 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 
GB 


State (that is, country) of residence: 

GB . j 


This person is applicant I 1 all designated 1 1 all designated States except HTl the United States I j the States mdicated in 

for the purposes of • ' States I 1 the United States of America UU of America only 1 1 the Supplemental Box 


[X~| • Further applicants and/or (further) inventors are indicated on a continuation sheet 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf ry-j t j | common 

of the applicants) before the competent International Authorities as: ±J " » — 1 representative 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country.) 

BERESFORD, Keith Denis Lewis; BRINCK, David John Borchardt;CLARK, Jane Anne; • 
DLUGOSZ, Anthony Charies; FIELD, Howard John; FLEGG, Christopher Frederick; ; 
FOX, Nicholas Russell Philip; KENNINGTON, Eric Alasdair; KIPLING. Wei Hei; 
MACDOUGALL, Alan John Shaw; MACKENZIE, Ian Alastair Robert; ! 
PERKINS, Janet Frances; SPROSTON. David; TOPLEY, Paul; WATKINS, David;' 1 
all of BERESFORD & Co,2-5 Warwick Court, High Hqlborn. London, WC1R 5DH. GB j 

i 


Telephone No. . 
020 7831 2290 


Facsimile No. . 
020 7405 4092 


Teleprinter No. 


Agent's registration No. with theOffice 


| — i Address for cor respondence: Mark this check-box where no agent or common representative is/has been appointed and the . 
1 1 space above is used instead to indicate a special address to which correspondence- should be sent 
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^ Continuation of Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTORY) 

If none of the following sub-boxes is used, this sheet should not be included in the request. 


Name and address: (Family name followed by given name: for a legal entity full official designation. 
The address must include postal code and name of country. The country of the address indicated m this 
Box is the applicant s State (that is. count ry) of residence if no State of residence is indicated below.) 

SILK, Christopher John 

Synaptics (UK) Limited 

7340 Cambridge Research Park 

Ely Road, Waterbeach 

Cambridge CB5 9TB 

GB 


This person is: 

1 I applicant only 

[ X ] applicant and inventor 

i 1 inventor only (If this check-box 

1 1 is marked, do not fill in below.) 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 
GB 


State (that is. country) of residence: 
GB 




Name and address: (Family name followed by-given name: for a legal entity, foil official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Boxis the applicant s State (that is, country) of residence if no State of residence is indicated below.) 

ERRINGTON, Andrew 

Synaptics (UK) Limited 

7340 Cambridge Research Park 

Ely Road, Waterbeach ' - ! 

Cambridge CB5 9TB 

GB 


This person is: 

j | applicant only 

| xl applicant and inventor 

| 1 inventor only (If this check-box 

1 1 is marked, do not fill in below.) 


Applicant'sregistratiortNo. with the Office 


State (that is, country) of nationality: 
GB 


State (that is, country) of residence: 
GB 


This person is applicant I 1 all designated j — j ail designated States except Y 

for r£ rurp"^ nf * ■ ' Statcs ' — ' lhe Un,ted Statcs of AmakA A 


the United States J 1 the States indicated in 

of America only 1 1 the Supplemental Box 


Name and address: (Family name followed by given name; for a legal Entity, full officialdesignation. 
The address must include postal code and name of country. The country* of the address indicated in this 
Boxis theapplicant 's State (that is, country) of residence if noState of residence is indicated below.) 

COLLINS, Ian 

Synaptics (UK) Limited / 
7340 Cambridge Research Park / 
Ely Road, Waterbeach 
Cambridge CB5 9TB 
GB 


This person is: 

| | applicant only 

| Xl applicant and inventor 

| [ inventor only (If this check-box 

L_l is marked, do not fill in below.) 


Appl leant* s registration No. with the Office 


State (that is, country) of nationality: 
GB ' 


State (that is. country) of residence: 
GB 


This person is applicant | 1 all desienated | 1 all designated States except y- the United States 1 I the States mdic^edin 

fr r th* r »r QN ' 1 ' Statcs ' I th * Un * ed States of Amenca of America only 1 1 the Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Boxis theapplicant s State (thatis, country) of residence if no State of residence is indicated below.) 

F0OTE, Geoffrey 

Synaptics (UK) Limited 

7340 Cambridge Research Park y 

Ely Road, Waterbeach 

Cambridge CBS 9TB 


This person is: 

[ | applicant only 

| X 1 applicant and inventor ■ 

| 1 inventor only (If this check-box 

1 1 is marked, do not fill in below J 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 
GB 


State (that is, country) of residence: 
GB 


This person is applicant 1 1 all designated | 1 all designated States except fTl the United States | | the States jndcated in 

for the purposes of: | | States | | the United States of Amenca 1XJ of America only | | the Supplemental Box 


| X | Further applicants and/or (further) inventors are indicated on another continuation sheet 
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Name and address: (Family namefollowed by given name: for a legal ' mui^JuJloffieiatdEsig^ilM 
Ueadafess must include postal code" and name of county The county of the 
Boxistheappiicant s State (that is. country) of residence ifnoState of residence is indicated belou.) 

HAINES , Julian 

Synaptics (UK) Limited 

7340 Cambridge Research Park 

Ely Road, Waterbeach 

Cambridge CB5 9TB ^ 

GB f 



This person is: 

| | applicant only 

|X | applicant and inventor 

• | 1 inventor only (If this check-box 

I I is marked do not fill in below.) 



Applicant's registration No. with the Office 



State (that is. country} of nationality: 
GB 



State (that is. country) of residence: 
GB • 



This person is applicant 
for the purposes of: 



□ all designated I 1 all designated States except nfl 
States ■ I 1 the United States of Amenca I 1 



the United States I 1 the States indicated in 

[ J the Supplemental Box 



of America only 



Name and address: (Family name followed by given name: for a legal •ent^MqP^^^ailorL 
The address must include postal code andname of country. The country of the address mdicatedm this 
Boxistheappiicant s State (that is, country) oj Residence ifnoState of residence is indicated below.) 

BOLENDER , Robert 
Synaptics (UK) Limited 
7340 Cambridge Research Park 
Ely Road, Waterbeach 
Cambridge CB5 9TB, GB 



This person is: 

| j applicant only 

| ,X 1 applicant and inventor 

□ 



inventor only (If this check-box 
is marked, do not fill in below.) 



Applicant's registration No. with the Office 



State (thai is. country) of nationality: 
US 


State (that is, country) 
US 


of residence: 


This person is applicant | [ all designated 

for the purposes of: 1 1 States 


| 1 all desisriated States except fy*"*] 

1 | the United States of America l A 1 


the United States 
of America only 


1 1 the States indicated in 

| j the Supplemental Box 



Name and address; (Family name followed by given name: for a legal entity, full official^ 

The address must include postal code andname of country. The country of the address indicated in this 

Boxis theapplicant 's State (that is, country) of residence ifnoState of residence is indicated below.) 

MCCAUGHAN , Gareth John ' 

Synaptics (UK) Limited 

7340 Cambridge Research Park 

Ely Road , Waterbeach / ' 

Cambridge CBS 9TB 



State (that is, country) of nationality: 
GB 


State (that is. country) 
GB 


of residence: 


This person is applicant | 1 all designated 1 ] all designated States except RT~ 

for the purposes of: 1 1 States I 1 the United States of Amenca \±J 


the United States I j the States indicated .in 

of America only I 1 the Supplemental Box 



This person is: 

| | applicant only 

| X | applicant and inventor 

I — =— I inventor only (If this check-box 
I I is nuxrked do not fill in below.) 



Applicant'sreglstrationNo. withtheOffice 



N ame ana aaaress: (Family name joiiowed by given name: jor a tegai emny.juu ujji^ui^i^i 
The address must include postal code andname of country. The country of the address indicated in this 
Box is the applicant 's State (that is, country) of residence ifnoState of residence is indicated below.) 



This person is: 

[ J applicant only 
| | applicant and inventor 

□ 



inventor only (If this check-box 
is marked do not fill in below.) 



Applicant's registration No. with the Office 



State (that is, country) of nationality: 



State (that is. country) of residence: 



This person is applicant I 1 all designated 



for the purposes of: 



□ 



□ all designated States except I j the United States t ( the States ^cated in 
the United States of Amenca | 1 of Amenca only | | the Supplemental Box 



States 



\ \ Further applicants and/or (further) inventors are indicated on another continuation sheet 
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* Box No. V DESIGNATION OF STATES ' Mark the applicable check-boxes below; at least one must be marked. 



The following designations are hereby made under Rule 4.9(a): 
Regional Patent 

El AP ARIPO Patent: GH Ghana, CM Gambia, KE Kenya, LS Lesotho. MW Malawi, MZ Mozambique, SD Sudan, 
SL Sierra Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZM Zambia, ZW Zimbabwe, and any other 
Slate which is a Contracting State of the Harare Protocol and of the PCT (if other kind of protection or treatment desired, 
specify on dotted line) 

EI EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzslan. KZ Kazakhstan, MD Republic of Moldova, 
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian 
Patent Convention and of the PCT 

Kf EP European Patent: AT Austria, BE Belgium, CH & LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece. IE Ireland, IT Italy, LU Luxembourg, 
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, TR Turkey, and any other State which is a Contracting Stale ot 
the European Patent Convention and of the PCT 

Ef OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cote d'lvoire, CM Cameroon, 
GA Gabon, GN Guinea, GQ Equatorial Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania. NE Niger, SN Senegal, 
TD Chad, TG Togo, and any other State which is a member State of OAPI and a Contracting State of the PCT (if other kind 
of protection or treatment desired; specify on dotted line) . 

National Patent (if other kind of protection or treatment desired specify on dotted line): 

H AE United Arab Emirates ESI GM Gambia S NZ New Zealand > 

0 AG Antigua and Barbuda l3 HR Croatia g OM ° man 

0 AL Albania :. S HU Hungary El PH Philippines 

H AM Armenia S ID Indonesia S PL Poland 

El AT Austria 3 IL Israel S PT Portugal 

El AU Australia 13 IN India S RO Romania 

m AZ Azerbaijan ; / \3 IS Iceland ET RU Russian Federation 

H BA Bosnia and Herzegovina £3 JP Japan , 

0 BB Barbados H KE Kenya 0 SD Sudan 

0 BG Bulgaria 13 KG Kyrgyzstan 0 SE Sweden 

0 BR Brazil E2 KP Democratic People's Republic 0 SG Singapore 

IS BY Belarus of Korea S SI Slovenia 

KI BZ Belize! El KR Republic of Korea S SK Slovakia 

0 CA Canada 0 KZ Kazakhstan Ef SL Sierra Leone 

EJ" CH & LI Switzerland and Liechtenstein 13 LC Saint Lucia . S TJ Tajikistan . . : ■- 

El CN China J3 LK Sri Lanka Ef TM Turkmenistan 

EH CO Colombia El LR Liberia H TN Tunisia 

El CR Costa Rica 13 LS Lesotho Kf TR Turkey 

0 CU Cuba *. S LT Lithuania IS TT Trinidad and Tobago 

13 CZ Czech Republic B LU Luxembourg 

12 DE Germany 12 LV Latvia H TZ United Republic of Tanzania 

DK Denmark 13 MA Morocco 3 UA Ukraine . . ' 

El DMIDominica El MD Republic of Moldova ■ S UG Uganda 

13 DZ Algeria El US United States of America 

13 EC Ecuador JET MGMadagascar 

H EE Estonia MK The former Yugoslav Republic of H UZ Uzbekistan \ 

S ES Spain Macedonia El VN Viet Nam 

H Fl Finland S3 MN Mongolia 13 YU Yugoslavia 

13 GB United Kingdom " El MWMalawi EI ZA South Africa 

13 GD Grenada EI MX Mexico H ZM Zambia 

H GE Georgia S MZ Mozambique S ZW Zimbabwe 

S GH Ghana EJ NO Norway 



.Check-boxes below^reserved for designating States which have become party to the PCT after issuance of this sheet: 

B cuiy. .other 7 71 □ -■ d ■ 

□ TT □ □ 



Precautionary Designation Statement: In addition to the designations made above,.the applicant also makes under Rule 4.9(b) all 
other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being 
excluded from the scope of this statement The applicant declares that those additional designations are subject to confirmation and that 
any designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the 
appli cant at the expiration of that time limit (Confirmation (including fees) must reach the receiving Office within the 1 5-month time limit) 
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Filing date 
of earlier application 

I a ays niuniruytitjj/ 


Number 
of earlier application 


Where earlier application is: 


. national application: 
country 


regional application:* 
regional Office 


international application: 
receiving Office 


item ( 1 Vv**- ^ jl 
21 May 2001 


0112332.2 


* 

GB 






item (2) 
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UZUjIID • / 


GB 
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Box No. VI PRIORITY CLAIM 



Sheet No. 




02/0 2387 



The priority of the following earlier application(s) is hereby claimed: 



| | Further priority claims are indicated in the Supplemental Box. 



The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application(s) (only 
if the earlier application was filed with the Office which for the purposes of this international application is the receiving Office) identified 
above as: 

□ all items Q item(l) [3 item (2) □ item (3) □ item (4) 



□ item (5) □ s^p e pl e S m ental Box 



* Where the earlier application is an ARIPO application, indicate at least one country party to the Paris Convention for the Protection of 
Industrial Property or one Member of the World Trade Organization for which that earlier application was filed (Rule 4.l0(b)(ii)): 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) (if two or more International Searching Authorities are competent to carry out the 
international search, indicate the Authority chosen; the two-letter code may be used): 

ISA/ : : 

Request to use results of earlier search; reference to that search (if an earlier search has been carried out by or requested from the 
International Searching Authority): 

Date (dayfmonthfyear) Number Country (or regional Office) 



Box No. VIII DECLARATIONS 



The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable 
check-boxes below and indicate in the right column the number of each type of declaration): 



Number of 
declarations 



□ Box No. VIII (i) 

□ Box No. VIII (ii) 

□ Box No. Vni(iii) 

□ Box No. VHI(iv) 

□ Box No. Vin (v) 



Declaration as to the identity of the inventor 

Declaration as to the applicant's entitlement, as at the international filing 
date, to apply for and be granted a patent 

Declaration as to the applicant's entitlement, as at the international filing 
date, to claim the priority of the earlier application 

DeclarationoF inventorship (only for the purposes of the designation of the 
United States of America) 

Declaration as to non-prejudicial disclosures or exceptions to lack of novelty 
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) Box No. IX CHECK LIST; LANGUAGE OF FILING 



3Q2 



This international application contains: 

(a) the following number of 
sheets in paper form: 

request (including 

declaration sheets) : 6 

description (excluding 

sequence listing part) : 57 

claims : 26 

abstract : 1 

drawings . : 26 



Sub-total number of sheets : 

sequence listing part of 
.description (actual number 
of sheets if filed in paper 
form, whether or not also 
filed in.'computer readable 
form; see (b) below) : 



Total number of sheets 



116 



(b) sequence listing part of description filed in 
computer readable form 

(0 □ only (under Section 801(a)(0) 

(ii) □ in addition to being filed in paper 
form (under Section 80l(a)(ii)) 

Type and number of carriers (diskette, 
CD-ROM, CD-R or other) on which the 
sequence listing part is contained (additional 
copies to be indicated under item 9(H) \ in 
right column): 



Figure of the drawings which 
should accompany the abstract: 



This international application is accompanied by the following 
item(s) (mark the applicable check-boxes below and indicate in 
right column the number of each item): 
fee calculation sheet 
original separate power of attorney- 
original general power of attorney 

copy of general power of attorney; reference number, 
if any: 

statement explaining lack of signature 

priority document(s) identified in Box No. VI as 



Number 
of items . 



1- m 

2- □ 

3- D 
4. □ 

5- □ 
6. □ 

7- □ 



itern(s):- 

translation of international application into 

(language): : 

separate indications concerning deposited microorganism 

or other biological material : 

sequence listing in computer readable form (indicate also type 
and number of carriers (diskette, CD-ROM, CD-R or other )) 

(i) □ copy submitted for the purposes of international search 

under Rule I3ter only (and not as part of the 
international application) : 

(ii) □ (only where check-box (b)(i) or (b)(ii) is marked in left 

column) additional copies including, where applicable, 
the copy for the purposes of international search under 
Rulel3ter : 
(iii) □ together with relevant statement as to the identity 
of the cop}' or copies with the sequence listing part 
mentioned in left column : 

..letter :. : 



10. other (specify)'. 



Language of filing of the . 
international application: English 



Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request). 





MACDOUGALL, Alan John Shaw 
AGENT FOR THE APPLICANTS 



. For receiving Office use only- 



Date of actual receipt of the purported 
international application: 



21 iAY 



2092 



3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 



4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 



5. International Searching Authority 

(if two or more are competent): IS A / 



until search feels paid 



2. Drawings: 
(j><[ r eceived: 

\~\ not received: 



For International Bureau use only 



Date of receipt of the record copy 
by the International Bureau: 
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POSITION SENSOR 

The present invention relates to a position sensor and 
to parts therefor. The invention has particular although 
not exclusive relevance to stylus input computer and 
communication devices, particularly small, low cost 
devices, such as personal digital assistants (PDAs), 
mobile telephones, web browsers and combinations of 
these* The invention has particular relevance where 
those computer and communication devices are battery 
powered . 

Several pen or stylus sensing systems for computer input 
exist. For example, US 4878553 and the applicant's 
earlier International application WO 00/33244 describe 
inductive stylus position sensing systems which allow for 
handwriting input, menu selection and other similar 
applications . 

In WO 00/33244, processing electronics in the computer 
device generates an AC current, which is fed to an 
excitation coil -in a sensor board of the device. This 
current generates an AC magnetic field that can couple 
with a coil in the stylus . A capacitor is also provided 
in the stylus connected in parallel with the coil to form 
a resonator* The magnetic field from the sensor board 
forces the resonator in the stylus to resonate. When the 
AC current is removed from the excitation coil, the 
resonator continues to resonate, with the . amplitude of 
the oscillation decaying exponentially with time. This 
generates similar decaying EMFs in sensor coils on the 
sensor board, which are processed by processing 
electronics to provide a position indication of the 
stylus relative *to the computer device. 



In order to mimic the action of a conventional pen, the 
system described in WO 00/33244 also detects when the 
electronic stylus is pressed against a writing surface 
of the device by arranging the stylus so that the stylus 
resonator's frequency varies as a function of pressure 
applied to the nib of the stylus. The processing 
electronics in the device can then detect the resonator 
frequency in order to infer the nib pressure. In most 
PDA and similar applications, only a "clicked" or 
"unc licked", (i.e. stylus touching the writing surface or 
not touching the writing surface respectively) indication 
of nib pressure is required. 

In WO 00/33244, the position processor normally operates 
with a fixed excitation frequency which it uses to excite 
the resonator in the stylus. The position processor then 
detects the electrical phase of the return signal in 
order to infer the pen resonator frequency. The 
electronic stylus described in this earlier International 
application is designed to provide a well-defined 
difference between the clicked and unclicked frequency 
(hereinafter the click-shift frequency). However, the 
absolute value of those frequencies is variable between 
styluses and the amount of variability may typically be 
greater than the click-shift frequency. As a result, a 
single measurement of the resonant frequency of the 
stylus may be insufficient to determine whether it is 
clicked or unclicked. 

One possible solution to determine click status is to 
perform a special tuning step before the stylus can be 
used normally, such as requiring the user to put the 
stylus into a known state (for example in the clicked 
state by touching the stylus against the writing surface) 
and to store the resonant frequency of the stylus in this 



state. In subsequent normal operation the stylus state 
is reported as clicked if the resonator frequency is 
measured close to the previously stored value and not 
clicked if the difference is greater than a predetermined 
threshold. However, such a tuning technique has the 
drawback that it requires cooperation from the user. 
Ideally, if tuning is to be performed, it should be done 
in a manner that is transparent to the user. 

Another solution to this problem would be for the 
position processor to continuously track the position of 
the stylus in order to predict when the stylus is in a 
particular state, at which point its frequency is 
measured and used as a reference. However, such 
prediction is difficult and for low-powered devices (such 
as hand-held battery-powered devices) requires excessive 
power to be drawn from the battery if the stylus is to 
be tracked continuously. Further, without continuous 
tracking, it is difficult to detect the condition where 
a user swaps between two styluses with different 
frequencies (which might occur if several styluses are 
provided each associated with a different function, such 
as writing and erasing) . 

Another problem associated with the stylus design 
described in WO 00/33244 is that the resonant frequency 
of the stylus can reduce significantly if the stylus is 
rested flat on the writing surface, due to magnetic 
screening used behind the sensor board of the hand-held 
device. In this case, the processor may erroneously 
report that the stylus has been clicked. 

Some of these problems would be overcome in the stylus 
described in WO 00/33244 by simply increasing the click- 
shift frequency. However, with the design of stylus 



described in WO 00/33244, this would require significant 
movement of the nib of the stylus between the clicked and 
unc-licked states which would feel unacceptably large for 
users. 

According to one aspect , the present invention provides 
a system which does not require a special tuning step. 
The stylus is designed so that its unclicked resonant 
frequency will always lie within a predefined "unclicked 
frequency band" and so that its clicked resonant 
frequency will always lie within a \* clicked frequency 
band". The processing electronics then measures the 
frequency of the stylus and reports clicked if that 
measurement exceeds the decision frequency and unclicked 
if it is lower than the decision frequency. In the 
preferred embodiment , this is achieved whilst maintaining 
a relatively small nib-click distance (i.e. the distance 
the nib has to move between the clicked and unclicked 
states) so that the writing action of the stylus is 
similar to that of a conventional pen. 

In an alternative embodiment , the stylus design may be 
arranged so that the frequency shifts in a downward 
direction when pressure is applied to the nib. However , 
an increase in frequency is preferred so that a stylus 
resting on the writing surface is not reported as being 
clicked due to significant resonant frequency reduction 
caused by the screening material used in the sensor 
board . 

In a preferred embodiment , the styluses are designed so 
that their clicked and unclicked frequencies lie within 
a "free space clicked resonant frequency band" and "free 
space unclicked> resonant frequency band" that are 
narrower than the "clicked frequency band" and "unclicked 



frequency band" discussed above, so that the resonant 
frequency of the stylus can change over time with changes 
in temperate and due to the proximity of the stylus to 
conductive or magnetically permeable objects. 

In the main embodiment described below, a new stylus is 
described which can operate in the above manner. 
Further, a new set of digitiser windings are described 
which are preferably used with the stylus. A novel two- 
stage measurement process is also described for measuring 
the resonant frequency of the stylus and for determining 
the position of the stylus relative to the digitising 
tablet . 

Various other aspects of the present invention will 
become apparent from the following detailed description 
of a preferred embodiment in which: 

Figure 1 is a schematic view of a hand-held personal 
digital assistant (PDA) which includes an x-y digitising 
system located behind the PDA's liquid crystal display 
which can sense the (x,y) position of a resonant stylus; 

Figure 2 schematically illustrates a cross-sectional view 
of the personal digital assistant shown in Figure 1, 
illustrating the positional relationship between a sensor 
printed circuit board of the digitising system and the 
liquid crystal display; 

Figure 3a is a schematic functional block diagram 
illustrating the excitation and processing electronics 
of the x-y digitising system and illustrating' the 
magnetic coupling between an excitation winding of the 
digitising system and the • resonant stylus and the 
magnetic coupling between the resonant stylus and four 



sensor windings which form part of the digitising system; 

Figure 3b is a timing plot illustrating the form of 
various signals within the x-y digitising system shown 
in Figure 3a during an excitation and receive cycle; 

.Figure 4a schematically illustrates an approximation of 
the way in which the peak amplitude of the signals 
induced in x-sensor windings of the digitising system 
vary with the x-coordinate of the position of the stylus 
relative to the liquid crystal display; 

Figure 4b schematically illustrates an approximation of 
the way in which the peak amplitude of the signals 
induced in y-sensor windings of the digitising system 
vary with the y-coordinate of the position of the stylus 
relative to the liquid crystal display; 

Figure 5a illustrates the form of a sin x sensor winding 
of the digitising system which forms part of the personal 
digital assistant shown in Figure 1; 

Figure 5b illustrates the form of a cos x sensor winding 
of the digitising system which forms part of the personal 
digital assistant shown in Figure 1; 

Figure 5c illustrates the form of a sin y sensor winding 
of the digitising system which forms part of the personal 
digital assistant shown in Figure 1; 

Figure 5d illustrates the form of a cos y sensor winding 
of the digitising system which forms part of the personal 
digital assistant shown in Figure 1; 

Figure 5e shows a top layer of a printed circuit board 



which carries the windings shown in Figures 5a to 5e; 

Figure 5f shows a bottom layer of the printed circuit 
board which carries the windings shown in Figures 5a to 
5e; 

Figure 6 is a plot illustrating the way in which the 
resonant frequency of the stylus changes with the gap 
between the stylus and the writing surface; 

Figure 7a is an exploded perspective view of the resonant 
stylus shown in Figure 1; 

Figure 7b is a cross-sectional view of the resonant 
stylus shown in Figure 1; 

Figure 8a is a cross-sectional view of part of the 
resonant stylus shown in Figure 7b in an unclicked state, 
illustrating the positional relationship between a nib, 
a f errite core and a coil forming' part of the resonant 
stylus and showing magnetic field lies passing from the 
f errite core around the coil in the unclicked state; 

Figure 8b is a cross-sectional view of part of the 
resonant stylus shown in Figure 7b in a clicked state 
showing the positional relationship between the nib, 
ferrite core and coil of the resonant stylus and showing 
magnetic field lines passing from the ferrite core around 
the coil in the clicked state; 

Figure 9 is a plot illustrating the percentage frequency 
change of the resonant frequency with gap between the 
ferrite rod and the split washer; 

Figure 10 is a diagrammatical view of test equipment used 
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to test the resonant frequency of the stylus during 
manufacture to ensure that the clicked and unclicked 
resonant frequencies fall within required tolerances; 

Figure 11 is a frequency plot illustrating .a required 
unambiguous frequency detection range required of the 
positioning system and illustrating the range over which 
the resonant frequency of the stylus may vary between the 
clicked state and the unclicked state; 

Figure 12 is a block diagram illustrating the functional 
modules forming part of a digital processing and signal 
generation unit forming part of the excitation and 
processing electronics shown in Figure 3a; 

Figure 13 is a plot illustrating the way in which the 
electrical phase of the sensor signals varies with the 
difference in frequency between the resonant frequency 
of the stylus and the excitation frequency; 

Figure 14a is a partial cross-sectional view illustrating 
an alternative arrangement of the stylus in an unclicked 
state; 

Figure 14b is a partial cross-sectional view of the 
stylus shown in Figure 14a in the clicked state; 

Figure 15a is a partial cross-sectional view of an 
alternative stylus in an unclicked state; 

Figure 15b is a partial cross-sectional view illustrating 
the stylus shown in Figure 15a in the clicked state; 

Figure 16 is a partial cross-sectional view of *an 
alternative stylus whose resonant frequency can be varied 



at the time of manufacture using an adjustable pin; 

Figure 17 is a partial cross-sectional view of another 
alternative stylus whose resonant frequency can be varied 
at the time of manufacture using a spacer having a 
selected thickness; 

Figure 18 -is a partial cross-sectional view of a stylus 
illustrating the way in which the resonant frequency of 
the stylus may be varied at the time of manufacture by 
adding an additional length of ferrite rod; 

Figure 19 is a plot illustrating the way in which the 
resonator frequency changes with capacitor value with a. 
fixed number of coils and with the number of coils being 
varied to maintain a relatively fixed resonator 
frequency; 

Figure 20 is a plot illustrating the number of turns of 
conductor required on a coil forming part of the resonant 
stylus to maintain a given resonant frequency in 
dependence upon a measured value of the capacitance of 
a capacitor forming part of the resonant stylus; and 

Figure 21 is a perspective view showing a mobile 
telephone having a liquid crystal display and a 
digitising system under the display which is operable to 
sense the position of a resonant stylus relative to the 
display. 

Overview of Digitising System 

Figure 1 shows a hand-held battery-powered personal 
digital assistant (PDA) 1 which employs an x-y digitising 
system (not shown) which is located beneath a liquid 
crystal display 3 of the PDA 1. The x-y . digitising 



system is operable to detect the presence and x-y 
position of a resonant stylus 5 relative to the LCD 3 . 
The position signals output . from the digitising system 
are used by the PDA 1 to control information that is 
displayed on the LCD 3 and to control the operating 
function of the PDA 1. As shown , the PDA 1 also includes 
a number of push buttons beneath the LCD 3 including an 
on-off button 7 and a number of control buttons 9-1 to 
9-4 which are used to control different functions of the 
PDA 1. 

Figure 2 shows a cross-sectional view on A-A of the PDA 
1 shown in Figure 1. As shown, the PDA 1 includes a 
liquid crystal display 3 which, in this embodiment, is 
between 1.5mm and 3mm thick. Beneath the LCD 3, there 
is an electroluminescent backlight 11 for providing a 
backlight for the LCD 3. In this embodiment, this 
backlight layer 11 has a thickness of approximately 
150,uiru Beneath these layers, there is a 0.2mm thick 
sensor printed circuit board (PCB) 13 which forms part 
of the above-mentioned x-y digitising system. This 
sensor PCB 13 carries the excitation winding and the 
sensor windings used for sending signals to and receiving 
signals from the resonant stylus 5. Beneath the sensor 
PCB 13 there is a printed circuit board 15 which carries 
the electronics for controlling the functions of the PDA 
and the digitiser electronics for processing the signals 
received from and controlling the signals sent to the 
windings on the sensor PCB 13. 

As shown in Figure 2, in this embodiment, a grounded 
electrostatic screen 17 is provided between the sensor 
printed circuit board 13 and the electroluminescent 
backlight 11 in-order to reduce noise from the liquid 
crystal display 3' and the backlight 11 from interfering 



with the x-y digitising system. In this embodiment , this 
electrostatic screen is formed from a continuous layer 
of carbon -ink which is approximately 10^m thick and has 
a relatively high surface resistivity (e.g. > 1 ohm per 
square) so that it does not interfere with the magnetic 
sensing function. Further, as shown in Figure 2, beneath 
the sensor PCB 13 is a SOyum layer of pressure sensitive 
adhesive 19 for bonding the sensor PCB 13 onto a magnetic 
screen 21 , which in this embodiment is a 25//m layer of 
spin melt ribbon (for example Vitrovac 6018 manufactured 
by Vacuums chmelze, Hanau, Germany). As those skilled in 
the art will appreciate , the magnetic screen 21 is 
provided in order to reduce any disturbance which may be 
caused to the x-y digitising system by, for example, the 
electronics behind the sensor PCB 13. It also enhances 
the sensitivity of the x-y digitising system since it 
provides a permeable path for magnetic flux to pass 
behind the sensor windings on the sensor PCB 13. As 
shown in Figure 2, encasing these layers and providing 
mechanical support is an outer casing 23 which is made, 
in this embodiment, from plastic. 

Figure 3a schematically illustrates a functional block 
diagram of the digitising system's processing electronics 
and Figure 3b illustrate£ some of the signals in the 
digitising system during an excitation and receive cycle. 
Figure 3 a also illustrates the way in which the 
excitation winding and the sensor windings interact with 
the resonant stylus 5. In particular, .Figure 3 
schematically shows an excitation winding 29, two x- 
sensor windings 31 and 33 for sensing x position and two 
y-sensor windings 3 5 and 37 for sensing y position. Each 
of these windings is formed by printed conductors on the 
sensor PCB 13. ^ As will be explained in more detail 
below, the sensor windings 31, 33, 35 and 37 used in this 
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embodiment are periodic and are in spatial phase 
quadrature relative to each other. Therefore , in the 
following description x-sensor winding 31 will be 
referred to as the sin x sensor winding, x-sensor 33 will 
be referred to as the cos x sensor winding, y-sensor 
winding 35 will be referred to as the sin y sensor 
winding and y-sensor winding 37 will be referred to as 
the cos y sensor winding. As illustrated by the arrows 
39 , these windings are operable, in use, to couple 
magnetically with a resonant circuit 41 (comprising a 
capacitor 43 and an inductor coil 45) in the resonant 
stylus 5 . 

In operation, an excitation current is applied to the 
excitation winding 29 through an excitation driver 51. 
In this embodiment, the excitation -current comprises a 
sequence of positive and negative pulses having a 
fundamental frequency component (F 0 ) of approximately 
100kHz, which is approximately the resonant frequency of 
the resonant circuit 41. This excitation signal is 
generated by a variable frequency generator 53 which 
generates an appropriate excitation voltage which is 
applied to the excitation driver 51 through a switch 55. 
In this embodiment, the frequency of the excitation 
voltage generated by the generator 53 is set by an 
excitation/receive frequency control circuit 57 which 
forms part of a digital processing and signal generation 
unit 59. As those skilled in the art will appreciate, 
by using such a variable frequency generator 53, the 
digitising system can be reconfigured to operate with a 
stylus having a different resonant frequency. 

The excitation current flowing in the excitation winding 
29 generates a corresponding* electromagnetic field which 
magnetically couples, as indicated by the arrow 39-1, 



with the resonant circuit 41 and causes it to resonate. 
In this embodiment, the excitation winding 29 is arranged 
to keep the coupling with the resonator as constant as 
possible with the x-y position of the stylus relative to 
the LCD 3, When the resonator 41 is resonating, it 
generates its own electromagnetic field which 
magnetically couples, as represented by the arrows 39-2, 
39-3, 39-4 and 39-5, with the sensor windings 31, 33, 35 
and 37 respectively. As will be explained in more detail 
below, the sensor windings 31, 33, 35 and 37 are designed 
so that the coupling between them and the resonant stylus 
varies with the x or y position of the stylus and so that 
there is minimum direct coupling between them and the 
excitation winding 29. Therefore, the signal received 
in the sensor windings should only vary with the magnetic 
coupling between the resonator 41 and the respective 
sensor winding. Consequently, by suitable processing of 
the signals received in the sensor windings, the x-y 
position of the resonator 41, and hence of the resonant 
stylus 5, can be determined relative to the sensor 
windings . 

In this embodiment, the - excitation current is not 
continuously applied to the excitation winding 29. 
Instead, bursts of the excitation current are applied, 
with the application of the excitation bursts being 
controlled by opening and closing the switch 55. As 
shown in Figure 3a, this is controlled by an excitation 
gate controller 61 which forms part of the digital 
processing and signal generation unit 59. In this 
embodiment, in order to reduce the effect of any 
breakthrough from the excitation winding 29 to the sensor 
windings, the signals induced in the sensor windings are 
only detected between the bursts of the excitation 
current. This is achieved by controlling the positions 
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of switches 63 and 65 with the receive gate controller 
67 which forms part of the digital processing and signal 
generation unit 59; This mode of operation is referred 
to as pulse echo and works because the resonator 41 
continues to resonate after the burst of excitation 
current has ended. This mode of operation also minimises 
power consumption of the digitiser. 



Figure 3b shows the excitation gate signal 30-1 applied 
to the switch 55; the excitation voltage 30-2 applied to 
the excitation winding "29; the receive gate signal 30-3 
applied to the switches 63 and 65 and a typical voltage 
30-4 induced in one of the sensor windings. In this 
illustration, sixteen excitation cycles (counting the 
start and end pulses as halves) are applied to the 
excitation winding 29 which energises the resonator 41 
in the stylus 5 which in turn induces a signal such as 
30-4 in each of the sensor windings. As a result of the 
periodic nature of the sensor windings and their relative 
positions, the four signals induced in the four sensor 
windings from the resonant circuit 41 can be approximated 
by: 
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where A is a coupling coefficient which depends upon, 



among other things, the distance of the stylus 5 from the 
windings and the number of turns in the sensor windings; 
x is the x-position of the resonant stylus relative to 
the sensor windings; y is the y-position of the resonant 
stylus relative to the sensor windings; L x is a spatial 
wavelength of the sensor windings in the x-direction and 
is typically slightly greater than the width of the board 
in the x-direction (and in this embodiment is 97mm); L y 
is a spatial wavelength of the sensor windings in the y- 
direction and is typically slighter greater than the 
width of the board in the y-direction (and in this 
embodiment is 87mm) ; e~ t/T is the exponential decay of the 
resonator signal after the burst of excitation signal has 
ended , with x being a resonator constant which depends 
upon, among other things, the quality factor of the 
resonant circuit 41; and 0 is an electrical phase shift 
caused by a difference between the fundamental frequency 
of the excitation current and the resonant frequency of 
the resonator 41. in this embodiment r the resonant 
stylus 5 is designed so that its resonant frequency 
changes with the pressure applied to the tip of the 
stylus. This change in frequency causes a change in the 
phase shift 0. 

As can be seen from equations (1) to (4), the peak 
amplitude of the signals induced in the sensor windings 
vary as the sin or cos of either the x or y position. 
This is illustrated in Figures 4a and 4b. In particular, 
Figure 4a illustrates the way in which the peak amplitude 
of the signal induced in sensor winding 31 and the way 
in which the signal induced in sensor winding 33 varies 
with the x-position of the resonant stylus relative to 
the sensor windings and Figure 4b shows the way in which 
the peak amplitude of the signals induced in sensor 
winding 35 and sensor winding 37 vary with the y-position 



of the resonant* stylus relative to the sensor windings . 
As shown in Figure 4, the pitch (L x ) of the windings in 
the x-direction is greater than the pitch (L y ) of the 
windings in the y-direction. This is because, in this 
embodiment, the measurement area is rectangular. 

Therefore, as those skilled in the art will appreciate, 
both the x-y position information of the resonant stylus 
5 and the phase shift 0 can be determined from the 
signals' induced in the sensor windings by suitable 
demodulation and processing. As shown in Figure 3a, this 
demodulation is achieved by mixing the received signals 
with the excitation voltage generated by the variable 
frequency generator 53 in the mixers 69-1 to 69-8- In 
this embodiment, an in-phase component 30-5 and a 
quadrature phase component 30-6 (shown in Figure 3b) of 
the excitation signal are mixed with the signal induced 
in each of the sensor windings. This generates an in 
phase (I) component 30-7 and a quadrature phase (Q) * 
component 30-8 of each of the demodulated signals. In 
this embodiment, the in phase components 30-7 of the 
demodulated signals from all the sensor windings are used 
to determine the position information and the in phase 
and quadrature phase components of the demodulated 
signals are used to determine the electrical phase shift 
(i.e. 0).' As shown in Figure 3a, the output from these 
mixers 69 are input to a respective integrator 71-1 to 
71-8 which, after being reset, integrate the outputs from 
the mixers over a time period which is a multiple of 1/F 0 
(in order to remove the effect of the time varying 
components output by the mixer) . In this embodiment, the 
integration time is controlled by using the receive gate 
signal 30-3 (which in the illustration allows for the 
integration to vbe performed over sixteen excitation 
periods or cycles). The following equations approximate 



the outputs from the integrators 71-1 to 71-4: 
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where A ± is a constant which varies with, among other 
things, the constant A, the resonator x and the 
integration period. Similar signals are obtained from 
integrators 71-5 to 71-8, except these vary with the y- 
position rather than with the x-position. Figure 3b also 
illustrates the output voltage 30-9 from one of the in- 
phase integrators and the output voltage 30-10 from one 
of the quadrature phase integrators. 

As shown in Figure 3a , the outputs from the integrators 
71 are input to an analogue- to-digital converter 73 which 
converts the outputs into digital values which are input 
to the A to D interface unit 75 in the digital processing 
and signal generation unit 59. The digital processing 
and signal generation unit 59 then performs an arc 
tangent function (atan 2) on the ratio of the sin_x_I 
signal and the cos_x_I signal to determine the x-position 
of the resonant stylus 5 and similarly performs an arc 
tangent function on the ratio of the sin__y_I signal and 
the cos_y_I to determine the y-position of the resonant 
stylus 5. The digital processing and signal generation 
unit 59 also calculates an arc tangent function on the 
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ratio of the quadrature phase component to the in phase 
component of the signals from the same sensor windings, 
in order to determine the electrical phase angle 0. 

As shown in Figure 3a , the in phase and quadrature phase 
component for the signal induced in each of the sensor 
windings is calculated. This is because, at certain x 
and y positions, the ratio of the in phase and quadrature 
phase components from some of the sensor windings will 
not be reliable. This occurs when the sin or cos 
position components are approximately zero. Therefore, 
in this embodiment, the digital processing and signal 
generation unit 59 determines the electrical phase angle 
0 using a weighted combination of the in phase and 
quadrature phase signals from both the sin and cos 
windings, where the weighting used varies in dependence 
upon the determined x and y position of the stylus 5. 
The processing electronics then uses this electrical 
phase angle measurement to determine if the tip of the 
stylus 5 has been brought down into contact with the 
writing surface of the PDA 1. The way in which this is 
achieved will be described in more detail later. 

Returning to Figure 3a, after the digital processing and 
signal generation unit 59 has determined the current x-y 
position of the resonant stylus 5 and determined whether 
or not the stylus 5 has been brought into contact with 
the LCD 3, it outputs this information to the PDA 
electronics through the interface unit 77. This 
information is then used by the PDA electronics to 
control information displayed on the LCD 3 and the PDA's 
mode of operation. In this embodiment, the digital' 
processing and signal generation unit 5 9 is operable to 
perform the above calculations approximately 100 times » 
per second when the stylus is in the vicinity of the PDA. 
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However , when the system detects that the stylus is not 
present, it initially enters a standby state in which the 
above excitation -and processing is performed 
approximately 20 times per second- After a predetermined 
length of time in this standby state, the system enters 
a sleep state in which the above calculations are 
performed approximately 2 times per second. Once the 
presence of the stylus is detected again , the processing 
resumes at the 100 times per second rate. 

A brief description has been given above of the way in 
which the digitiser system of the present embodiment 
determines the x-y position of the resonant stylus 5 
relative to the sensor windings* The particular form of 
excitation and sensor windings used and the particular 
resonant stylus 5, digital processing and excitation 
circuits used in this embodiment will now be described 
in more detail- 

Digitiser Windings 

The excitation winding 29 used in this embodiment is 
formed by two turns of rectangular conductor on each side 
of the sensor PCB 13 which are connected in series at 
through holes or vias. In this embodiment, the excitation 
winding 29 is wound around the outside of the sensor 
windings (not shown) at the edge of the sensor PCB 13. 

Figure 5a shows the printed conductors which form the sin 
x sensor winding 31. The printed conductors on the top 
layer of the sensor PCB 13 are shown as solid lines 
whilst those on the bottom layer are shown as dashed 
lines. As shown, the conductor tracks which extend 
substantially in the x-direction are provided on the top 
layer of the sensor PCB 13 and those which extend 
substantially in the y-direction are provided on the 



bottom layer of the sensor PCB 13 and the ends of the 
conductor tracks on the top layer are connected to the 
ends of the conductor tracks on the bottom layer at the 
via holes , some of which are labelled 97. Figure 5a also 
shows the two connection pads 105 and 107 which are 
provided for connecting the sin x sensor winding 31 to 
the digitiser electronics. 

The conductor tracks of the sin x sensor winding 31 are 
connected to form two sets of loops 32-1 and 32-2 which 
are arranged in succession along the x-direction, with 
each loop extending along the x-direction and being 
connected in series so that an electromotive force (EMF) 
induced in loops of the same set by a common background 
alternating magnetic field add together and so that EMFs 
induced in the first set of loops 32-1 by a common 
background alternating magnetic field oppose the EMFs 
induced in the second set of loops 32-2. As shown in 
Figure 5a , in this embodiment , there are four loops in 
each set of loops 32-1 and 32-2 and each set of loops is 
arranged to enclose a similar area. Therefore,, any EMFs 
induced in the loops of the first set 32-1 by such a 
background magnetic field will substantially cancel out 
with the EMFs induced in the loops of the second set 32- 
2. However, as those skilled in the art will appreciate, 
if a point magnetic field source (or something similar 
such as the resonant stylus) is moved across the sensor 
winding 31 along the x-direction, then the magnetic 
coupling between the point source and the sensor winding 
31 will vary with the x-position of the point source. 
As a result of the "figure-of-eight" connection between 
the two sets of loops 32-1 and 32-2, this variation with 
x-position can be approximated to be sinusoidal. As 
those skilled irk the art will appreciate, it is because 
of this approximate sinusoidal variation that the signal 



induced in the sensor winding 31 by the resonant stylus 
5 has a peak amplitude which approximately varies as the 
sine of the x-position of the stylus 5 relative to the- 
sensor winding 31. 

Figure 5b shows the printed conductors which form the cos 
x sensor winding 33. Again, the printed conductors on 
the top layer of the sensor PCB 13 are shown as solid 
lines whilst those in the bottom layer as shown as dashed 
lines. As with the sin x sensor winding 31, most of the 
conductor tracks which extend in the x-direction are 
provided on the top layer of the sensor PCB 13 and most 
of those which extend in the y-direction are provided on 
the bottom layer of the sensor PCB 13 and the ends of the 
conductor tracks on the top layer are connected to the 
ends of the conductor tracks on the bottom layer at the 
via holes, some of which are labelled 97. Figure 5b also 
shows the two connection pads 109 and 111 which are 
provided for connecting the cos x sensor winding 33 to 
the digitiser electronics. 

The conductor tracks of the cos x sensor winding 33 are 
connected to form three sets of loops 34-la, 34-2 and 34- 
lb which are arranged in succession along the x- 
direction, with each loop extending along the x-direction 
and connected in series so that an EMF induced in loops 
of the same set by a common background alternating 
magnetic field add together and so that EMFs induced in 
the first and third set of loops 34-la and 34-lb .by a 
common background alternating magnetic field oppose the 
EMFs induced in the second set of loops 34-2. As with 
the sin x winding, there are four loops in each set of. 
loops and the loops in the second set of loops are 
arranged to enclose a similar area to the combined area 
enclosed by the loops in" the first and third set of 
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loops. As a result, EMFs induced in the loops by a 
background magnetic field will substantially cancel out 
with each other. However, as with the sin x sensor 
winding, when the resonant stylus 5 is moved across the 
sensor winding 33 along the x-direction, the magnetic 
coupling between the resonant stylus 5 and the cos x 
sensor winding 33 varies with the x-position of the 
stylus 5 ♦ As a result of the alternating sense of 
conductor loops, this variation with x-position can be 
approximated to be sinusoidal. However, since the sets 
of loops of the cos x sensor winding 33 are shifted in 
the x-direction by a quarter of the winding pitch (L x ) , 
the sinusoidal variation will be in phase quadrature to 
the variation of the sin x sensor winding 31. As a 
result, the signal induced in the sensor winding 33 by 
the resonant stylus 5 has a peak amplitude which 
approximately varies as the cosine of the x-position of 
the stylus 5 relative to the sensor windings. 

Figures 5c and 5d show the printed conductors which form 
the sin y sensor winding 35 and the cos y sensor winding 
37* As shown in these Figures, these sensor windings are 
similar to the sin x and cos x sensor windings except 
they are rotated through 90°. As shown in Figures 5c and 
5d, the sin y sensor winding 35 shares the connection pad 
107 with the sin x sensor winding 31 and the cos y sensor 
winding 37 shares the connection pad ill with the cos x 
sensor winding 33. The other ends of the sin y and cos 
y sensor windings are connected to connection pads 113 
and 115 respectively. Figure 5e shows the top layer 98-t 
of printed conductors and Figure 5f shows the bottom 
layer 9 8-b of printed conductors of the sensor PCB 13, 
which together form the sensor windings 31, 33, 35 and 
37. In the circuit board shown in Figure 5, the 
conductor tracks have a width of approximately 0.15mm and 
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the minimum gap between adjacent tracks is approximately 
the same. Although it is possible to employ finer tracks 
and gap distances on the PCB, this increases cost due to 
additional - manufacturing precision and lower 
manufacturing yields. 

Design of Sensor Windings 

As those skilled in the art will appreciate, the design 
of the sensor windings is one of the most critical 
aspects of the digitiser. The design involves, for a 
given area of printed circuit board, maximising the 
digitising area and the accuracy of and the signal levels 
from .the sensor windings. As will be apparent to those 
skilled in the art, an important aspect of the x- 
direction sensor windings 31 and 33 are the x-positions 
of the conductor tracks of the windings 31 and 33 which 
extend in the y-direction. Similarly, an important 
aspect of the design of the y-position sensor windings 
35 and 37 is the y-position of the conductor tracks of 
the windings 35 and 37 which extend in the x-direction. 
In the following discussion, these conductors will be 
referred to as the primary sensing conductors and the 
tracks which connect the ends of these primary sensing 
conductors to other primary sensing conductors will be 
referred to as the connecting conductors. For 
illustration, some of the primary sensing conductors are 
indicated by reference numerals 31-p, 33-p, 35-p and 37-p 
and some of the connecting conductors are indicated by 
reference numerals 31-c, 33-c, 35-c and 37-c in Figures 
5a to 5d. 

As can be seen from Figures 5a to 5d, the most striking 
feature of most of the primary sensing conductors is 
their irregular form with multiple bends or kinks as they 
extend from one side of the sensor board 13 to the other. 



In all prior art systems that the applicant is aware of, 
these primary sensor windings are formed by substantially 
straight parallel lines. However, the applicant has 
found that the use of such irregular shaped primary 
sensing conductors can surprisingly result in more 
accurate position sensing by the digitiser electronics. 

These irregular primary sensing conductors can provide 
accurate position sensing because positional errors 
caused by irregularities or bends of the primary sensing 
conductors of the sine winding can be compensated by 
complementary irregularities or bends in the primary 
sensor conductors of the cosine winding. These errors 
then cancel with each other when the arc tangent function 
is calculated by the digitiser electronics r thereby 
giving a more accurate position measurement. 

There are various ways in which the design of the sensor 
windings shown in Figures 5a to 5d can be made. For 
example, the position and direction of each of the 
primary sensing conductors may be manually changed using 
an iterative trial and error technique until an 
appropriate design is found which provides the required 
position sensing accuracy. However, as those skilled in 
the art will appreciate, such a manual trial and error 
technique would be highly time-consuming and computer- 
assisted optimisation techniques can be used to assist 
in the design of the windings. In order to work, such 
a computer-assisted system would have to include a 
mathematical model of the physical interaction between 
at least the resonator and the sensor windings and the 
processing performed by the electronics. In such an 
embodiment, the model would also preferably include 
details of the interaction between the excitation winding 
and the sensor windings so that the design of the sensor 
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windings can be chosen to minimise the direct coupling 
with the excitation winding. An initial starting point 
design would be provided (such as the design of the 
windings described in the applicant's earlier 
international application WO 00/33244) with the objective 
of the optimisation being to vary the position of at 
least the primary sensing conductors in order to maximise 
the position sensing accuracy of the sensor over the 
entire measurement area. Various constraints may be 
provided in order to constrain the "solutions" provided 
by the computer system. For example, a limit may be 
placed on the number of vias that can be used or 
different tolerances of position sensing accuracy may be 
defined for different regions of the sensor board (such 
as requiring more accurate position sensing in the centre 
of the board than at the edges or corners of the sensor 
board) . 

Stylus 

The stylus 5 of the present embodiment overcomes a number 
of problems with previous styluses which have been 
proposed and in particular the stylus proposed in WO 
00/33244 described above* The stylus 5 is^ also designed 
to be sufficiently compact for space-critical 
applications such as the hand-held PDA 1 of the present 
embodiment. As mentioned above, the resonant stylus 5 
in this embodiment comprises a resonant circuit 41 which 
includes an inductor coil 45 and a capacitor 43. The 
resonant stylus 5 is also designed so that the resonant 
frequency of the resonant circuit 41 changes when the tip 
of the stylus 5 is brought down into contact with the 
writing surface of the digitising system. 

Figure 6 shows a plot 10 illustrating <the way in which 
the resonant frequency of the stylus 5 used in this 
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embodiment changes with the gap between the stylus 5 and 
the writing surface of the PDA 1. As shown, as the 
stylus 5' is brought closer to the writing surface, the 
resonant frequency of the stylus 5 decreases (due to the 
detuning effect of the magnetic screen 21) to a value of 
f uc at the point where the nib 159 of the stylus 5 
touches the writing surface of the PDA 1.. As pressure 
is applied to the nib, the nib is pushed back into the 
stylus body into its clicked state, at which point the 
resonant frequency of the stylus has increased to f c . 
Therefore, by comparing the measured resonant frequency 
of the stylus 5 with a threshold frequency (f t h)/ the 
processing electronics can determine whether or not the 
stylus 5 is in its clicked state or unclicked state „ As 
can be seen from Figure 6, the change in resonant 
frequency between the unclicked and clicked states must 
be greater than the change in frequency caused by the 
detuning effect of the magnetic screen 21. Therefore, 
in this embodiment, the stylus 5 is designed to provide 
a change in resonant frequency of approximately 10% 
between the unclicked and clicked states- The stylus 5 
is also designed so that this change in frequency can be 
achieved while keeping to a minimum the distance over 
which the nib of the stylus 5 must travel between the 
clicked and unclicked states. 

The particular structure of the resonant stylus 5 used 
in this embodiment which achieves these functions will 
now be described with reference to Figures 7 to 9. 

*■ Figure 7a shows an exploded view of the components of the 
resonant stylus 5 used in this embodiment. As shown, the 
stylus 5 comprises a hollow front body portion 152 and 
a hollow rear body portion 154 which house: the resonant 
circuit 41 comprising the inductor coil 45 and the 



capacitor 43; a 2mm diameter ferrite rod 153; a plastic 
sleeve 155 having an inner diameter of 2.1mm and an outer 
diameter of 2.2mm; a split washer 157; a nib 159; and a 
spring 163. The coil 45 is manufactured from self- 
bonding enamelled copper wire for low-cost by eliminating 
a coil former. The ends of the coil 45 are welded to the 
side of a surface mount capacitor 43 to form the resonant 
circuit 41. The plastic sleeve 155 having a thin wall 
section (of approximately 50 microns) made from spirally 
wound and bonded plastic sheet fits inside the coil 45 
and acts as a bearing surface for the ferrite rod 153 and 
prevents the ferrite rod 153 from rubbing against the 
capacitor 43 during use. The plastic sleeve 155 has a 
much thinner cross- section than can be achieved with an 
injection-moulded component , thereby enabling higher 
resonator Q- factor and hence lower system power 
consumption . 

In this embodiment, the pen is manufactured as follows. 
The plastic sleeve 155 is pressed into the coil 45 and 
glued in place. This assembly is then placed into a jig 
(not shown) where the capacitor 43 is offered up and held 
in position. The wire ends of the coil 45 are positioned 
either side of the capacitor 43 and are welded in place 
by a welding head (not shown). The nib 159 component is 
dropped into the front body portion 152 , followed by the 
split washer 157 and the coil assembly. The ferrite rod 
153 is then dropped into the plastic sleeve 155. ' The 
spring 163 is then dropped into the rear body portion 154 
and the forward body portion 152 and the rear body 
portion 154 are connected together and glued in position. 

During the step of glueing the rear body portion 154 to 
the front body portion/ the front body portion 152 and 
the rear body portion 154 are forced tightly together so 
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that the neck portion 166 forces the coil 45 against the 
split washer 157 and a first shoulder 167 of the front 
body portion' 152. In this way, the coil 45 and the split 
washer 157 are fixed in position with respect to the 
stylus body, with, in this embodiment, the coil 45 being 
positioned towards a front face 153a of the ferrite rod 
153. Further, as shown in Figure 7a, the neck portion 
166 of the rear body portion 154 includes a slot for 
receiving the capacitor 43 when the front and rear body 
portions are pushed together. This avoids the need for 
long coil leads which would be required were the 
capacitor 43 to be mounted behind the spring 163, and 
avoids increased assembly complexity and cost. 

Figure 7b shows the assembled stylus 5 in cross-section. 
The nib 159 and the ferrite rod 153 are slidably mounted 
within the stylus body and spring-biased (by spring 163) 
towards the front end 161 of the front body portion 152. 
The movement of the ferrite rod 15 3 in this forward 
direction is, however, limited by the abutment of a front 
face 160a (shown in Figure 7a) of an enlarged head 160 
of the nib 15 9 with a second shoulder 168 (shown in 
Figure 7b) of the front body portion 152. When pressure 
is applied to the nib 159 of the stylus 5 against the 
biasing force of the spring 163, the nib 159 and the 
ferrite rod 153 move towards the rear body portion 154 
until a rear face 16 0b of the nib f s head 160 abuts 
against the split washer 157. As shown in Figure 7b, the 
ferrite rod 153 can, therefore, only move a predetermined 
distance (d 0 ), referred to hereinafter as the click- 
distance, when pressure is applied to the. end of the nib 
159. In this embodiment, the stylus 5 is designed so 
that the click distance (d 0 ) is 0.35mm. This movement of 
the front face 153a of the ferrite rod 153 from the frbnt 
face 45a of the coil 45 causes a decrep.se in the 



inductance of the coil 45 due to the reduced coupling 
between the ferrite rod 153 and the coil 45 , which in 
turn gives rise to an increase in the resonant frequency 
of the resonant circuit 41. 

Figures 8a and 8b are a partial cross-sectional views of 
the assembled stylus 5 showing in more detail the 
relative positions of the ferrite rod 153 f the coil 45 , 
the split washer 157 and the nib 159 in these "unclicked" 
and "clicked" states respectively , and illustrating 
magnetic field lines 180 passing from the end of the 
ferrite rod 153 around the coil 45. As shown , in the 
unclicked state , the ferrite rod 153 is close to the 
split washer 157 , which in this embodiment, is made of 
Vitrovac 6018 , which is a high magnetic permeability 
material. Therefore , a relatively strong local magnetic 
field is established with resonating current in the coil 
45 as illustrated by the tightly spaced magnetic field 
lines 180a in Figure 8a. The radial extent of the 
locally strong magnetic field 180 is approximately from 
the inner diameter of the split washer 157 to between the 
inner and outer radius of the coil 45. The reason for 
the locally strong magnetic field 180a is that both the 
ferrite rod 153 and the washer 157 have high magnetic 
permeability , and the distance between the ferrite rod 
153 and the split washer 157 is relatively small compared 
to the radial extent of the locally strong magnetic 
field. Consequently, magnetic field couples easily from 
the ferrite rod 153 into the split washer 157, rather 
than passing out through the side of the coil 45. In 
contrast and as shown in Figure 8b, when the stylus 5 is 
in its clicked state, the distance between the ferrite 
rod 153 and the washer 157 is greater and therefore less 
of the itiagnetic afield 180 couples into the split washer 
15 7 but instead passes out through the side of the coil 



45. Therefore, less of the magnetic field couples with 
all of the coil 45 and the overall inductance of the coil 
45 is reduced. 

Figure 9 is a plot illustrating how the resonant 
frequency of the resonator 41 changes with the gap 
between the ferrite rod 153 and the end face 45a of the 
coil 45 with the split washer (plot 8-1) and without the 
split washer 157 (plot 8-2). As shown in plot 8-1, the 
stylus 5 with the split washer 157 provides approximately 
an 8% change in the resonant frequency of the resonator 
41 between the unclicked and clicked states. In 
contrast, without the washer 157, a change in resonant 
frequency of about 3.5% is achieved. Therefore, the use 
of the split washer 157 allows a greater change in 
resonant frequency between the clicked and unclicked 
states for a given click distance. As discussed in the 
introduction of this application, this is important where 
a large frequency change between the clicked and 
unclicked states is desired together with a relatively 
small click distance (so that the stylus feels like a 
conventional pen ) . 

As those skilled in the art will appreciate, a critical 
component of the manufacturing variability of the stylus 
5 is the position of the ferrite rod 153 relative to the 
end face 45a of the coil 45 and the split washer 157. 
In the design of the stylus 5 described above, in the 
unclicked state, the position is set by only two plastic 
dimensions - the first is the distance between rear face 
159a of the nib 159 and front face 160a of the nib's head 
160; and the second is the distance between the first 
shoulder 167 and the second shoulder 16 8 of the front 
body portion 152-. Since these distances are relatively 
small (a few millimetres) and close together, it is 



relatively straightforward to maintain tight control of 
these distances and therefore tight control of the 
unclicked frequency of the stylus 5. Similarly, in the 
clicked state , the position of the ferrite rod 153 
relative to the end face 45a of the coil 45 and the split 
washer 157 is defined by the distance between rear face 
159a of the nib 159 and rear face 160b of the nib's head 
160- As a result of the small number of critical 
dimensions (three in this embodiment) , the manufacturing 
cost of the stylus 5 is relatively low. Further, 
although the plastic parts controlling the relative 
position of the ferrite rod 153, the coil 45 and the 
split washer 157 are subject to thermal expansion, 
because these critical dimensions are relatively small 
and close together, the position changes little with 
temperature . 

The thickness of the split washer 157 also has an effect 
on the relative position of the ferrite rod 153, the coil 
45 and the washer 157, but that thickness is well 
controlled because the washer material may either be 
manufactured from a punched sheet of metal formed in a 
rolling process or by a suitable etching process. For 
example, a sheet of the material may be covered with a 
photoresist, preferably on both sides, and then the 
resist exposed to ultraviolet light through a mask 
patterned with the required shape. The sheet is then 
etched in chemical solution leaving the washers, usually 
held by a spike of metal tp the original sheet. The 
washers are then cut from the sheet and assembled into 
styluses. An advantage of etching is that there is no 
mechanical stressing so that there is no loss in magnetic 
permeability that would otherwise reduce frequency shift 
and introduce variability . 



32 

Stylus Testing 

In this embodiment, the resonant frequency of each stylus 
5 is tested before the front -body portion 152 is glued 
together with the rear body portion 154. This testing 
' is performed by the testing apparatus 200 schematically 
illustrated in Figure 10. As shown, the testing 
apparatus 200 includes a pulsed current source 201 which 
applies a pulse of excitation current to a coil 203 which 
is magnetically coupled to the coil 45 in the stylus 5 
which causes the resonant circuit 41 to resonate. The 
current from the pulsed current source 201 is then 
stopped and the resonator 41 continues to resonate and 
this resonating signal induces an EMF in a second coil 
205 wound around the stylus 5. This induced EMF is then 
passed to a signal detector, processor and display unit 
207 which measures the frequency of the ring-down signal, 
for example by performing a Fourier analysis of the 
sampled waveform. The signal detector, processor and 
display unit 207 also controls a nib actuator 2 09 which 
applies pressure to the nib 159 forcing the stylus 5 into 
its clicked state. The same excitation and measurement 
process is then carried out to determine the resonant 
frequency of the stylus 5 in the clicked state. The 
signal detector, processor and display unit 207 then 
compares the unclicked resonant frequency and the clicked 
resonant frequency with predefined manufacturing limits 
and the stylus assembly is rejected if the measured 
values fall outside those limits. If the measured 
frequencies are within the manufacturing limits, then the 
rear body portion 154 is glued to the front body portion 
152. As those skilled in the art will appreciate, the 
advantage of testing the partially assembled stylus 5 is 
that if the measured clicked and unclicked resonant 
frequencies falK outside the manufacturing limits, then 
the failure is identified earlier in the manufacturing 
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process and hence there is less wastage. 
Manufacturing Limits 

As discussed above , during the testing of each stylus 5 
5 during manufacture, the clicked and unclicked resonant 

frequencies of the stylus 5 are compared with 
manufacturing limits. In particular, in this embodiment, 
each stylus 5 is designed so that their clicked and 
unclicked resonant frequencies lie within a "free space 

10 clicked resonant frequency band" and a "free space 

unclicked resonant frequency band", respectively* These 
are shown in Figure 11 as the unclicked band B 2 between 
frequency f x and f 2 and the clicked band B 2 between 
frequency f 6 and f 7 . The system is designed, however, to 

15 be able to detect pen frequencies over a much larger 

frequency range (DR) extending from frequency f 0 to f 8 . 
This allows for a margin of frequency increase and 
decrease of the free space clicked and unclicked resonant 
frequencies due to, for example, changes in temperature 

20 and due to the proximity of the stylus 5 to conductive 

or magnetically permeable objects. These margins are 
illustrated by the bands M x d extending from frequency f 0 
to f x ; margin M^ 1 extending from frequency f 2 to f 3 ; margin 
M 2 d extending from frequency f 5 to f 6 ; and margin M 2 X 

25 extending from frequency f 7 to f 8 . An overall unclicked 

frequency band B x extending from frequency f 0 to 
frequency f 3 and a clicked frequency band B x extending 
from frequency f 5 . to frequency f 8 are therefore defined. 
A frequency spacing is also provided (labelled PE and 

30 extending from frequency f 3 to f 5 ) to account for phase 

detection inaccuracy in the electronics which results in 
uncertainty for frequencies close to the threshold 
frequency (f 4 ) used to determine the click state of the 
stylus 5 . v \ 
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Digital Processing and Signal Generation Unit 

A brief description was given above with reference to 
Figure 3 of the digital processing and signal generation 
unit 59- A more detailed description of the digital 
processing and signal generation unit 59 used in this 
embodiment will now be described with reference to Figure 
12 . The components shown in Figure 3 have been labelled 
with the same reference numeral. 

As shown in Figure 12, the digital values output by the 
analogue-to-digital converter 73 are passed via the A to 
D interface 75 to a buffer 251. At the end of a pulse 
echo excitation/receive cycle , eight digital values will 
be stored in the buffer 251 representing the in-phase and 
quadrature phase signal levels generated for each of the 
four sensor windings. A cpntrol unit 253 is provided for 
reading out these digital values and for passing them to 
the appropriate processing modules for processing. In 
this embodiment, the control unit 253 initially passes 
the digital signal values to a signal level comparator 
255 which compares the signal levels with a threshold 
value. If all of the signal levels are below the 
threshold level , then this indicates that the stylus 5 
is not in the vicinity of the PDA 1 and therefore , no 
further processing is required. If , however, the signal 
level comparator 255 determines that the signal levels 
are above the threshold, then it indicates back to the 
control unit 253 that the stylus 5 is present and that 
the signals should be processed by the other processing 
modules. In response, the control unit 253 passes the 
in-phase signal components to a position processor 257 
which calculates the above-described arc tangent 
functions using the in-phase components to determine the 
x-y position of the stylus 5 relative to the sensor board 
13. 
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The control unit 253 also passes the in-phase and 
quadrature phase components to a stylus frequency 
determining unit 259 which, as discussed above, performs 
the above mentioned arc tangent function on the in-phase 
5 and quadrature phase components of the signals from the 

same sensor winding, to generate a measure of the 
electrical phase (0) of the received signal* This 
electrical phase can then be mapped to a difference in 
frequency between the resonant frequency of the stylus 

10 5 and the fundamental frequency F 0 of the excitation 

signal applied to the excitation winding 29. However, 
the relationship relating this phase measurement to the 
frequency difference is cyclic in nature and can 
therefore only provide a unique* one-to-one relationship 

15 between the measured phase and the resonant frequency for 

a limited range of frequency differences. Further, this 
range of frequency differences depends, among other 
things, on the number of excitation cycles (N TX ) in the 
. burst of excitation current applied to the excitation 

2 0 winding 29 . and the number of receive cycles (N RX ) over 

which the demodulated signals are integrated. 

In the illustration* shown in Figure 3b, sixteen 
excitation cycles and sixteen receive cycles were used. 

25 With this number of excitation cycles and receive cycles, 

the phase measurement can only provide an unambiguous 
indication of the resonant frequency of the stylus 5 if 
the resonant frequency is within 3.5% of the excitation 
frequency. This is illustrated in plot 300-1 shown in 

30 Figure 13. In particular ,• Figure 13 shows the measured 

electrical phase (0) plotted on the y-axis against the 
ratio of the stylus 5 resonant frequency to the 
excitation frequency as a percentage. As shown, this 
plot 300-1 is linear only for the ratio between the 

35 stylus frequency and the excitation frequency varying (as 
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a percentage) between 98-2 and 101-7. Outside this 
range, the plot 300-1 repeats in a "non-linear and cyclic 
manner* The system can therefore only unambiguously 
determine the resonant frequency of the stylus 5 if it 
is within a range of 1.75% of the excitation frequency 
on either side of the excitation frequency. This is 
sufficient for the type of stylus described in the 
applicant's earlier International application WO 
00/33244, but not for the stylus 5 described above which 
is designed so that the resonant frequency changes by 
approximately 8% between its clicked and unclicked 
states. 

This problem can be overcome by reducing the number of 
transmission and reception cycles (i.e. N TX and Nrx) in 
the pulse echo measurement, which has the effect of 
increasing the unambiguous range of frequencies of the 
plot 300. This is illustrated in Figure 13 by the plot 
300-2. In particular, plot 300-2 illustrates the 
relationship between the measured electrical phase (0) 
and the percentage of the stylus resonant frequency to 
the excitation frequency when N TX = N RX = 3. As shown, 
with this arrangement the resonant frequency of the 
stylus 5 can be determined unambiguously provided it is 
between 91% and 108% of the excitation frequency. This 
corresponds to a range of approximately 17%, which is 
sufficient for the stylus 5 used in this embodiment. 

However, with such a low number of transmission and 
reception cycles (N TX and Nrx) being used, the measurement 
accuracy is significantly reduced. In particular, all 
resonant stylus detection systems suffer from phase 
detection inaccuracies. This error has many sources but 
is typically duetto uncontrolled variable time delays in 
the processing channel, such as the slew rate of the 



37 



power amplifier 51 shown in Figure 3a. In order to 
determine correctly the click state of the stylus 5, it 
is necessary that this processor phase error corresponds 
to a sufficiently small processor frequency error band 
(frequency band PE illustrated in Figure 11). 
Unfortunately , when the number of transmission and 
reception cycles are reduced so that the system can 
detect the stylus 5 used in this embodiment over the 
entire frequency range (DR), the processor frequency 
error is greater than before and is typically greater 
than the processor frequency error band (PE) required, 

A further problem with using a small number of 
transmission cycles and reception cycles is that more 
energy is spread over the entire frequency band of 
operation , which reduces the power efficiency of the 
device as a whole. The issue of low power efficiency is 
described . in detail in the applicant's earlier 
International application WO 01/29759. As described in 
this earlier International application, such low power 
efficiency systems are undesirable in hand-held battery- 
powered devices such as the PDA 1 of the present 
embodiment . 

In this embodiment, therefore, the conflicting 
requirements of unambiguous phase detection over a wide 
frequency range and a frequency accuracy high enough to 
accurately detect the click status of the stylus are 
resolved by introducing a two-stage measurement cycle. 

In the first stage a pulse-echo excitation/reception 
cycle is performed with N TX and Nrx set to 3, with the 
fundamental frequency F 0 of the excitation signal being 
in the middle ©f the required frequency range (i.e. 
approximately at the decision frequency f 4 shown in 
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Figure 11)- This first stage measurement will provide 
an electrical phase measurement that is unambiguous over 
the required frequency range- (DR) . The position 
processor 257 and the stylus frequency determining unit 
259 can therefore determine an approximate x-y position 
of the stylus 5 relative to the sensor board 13 and the 
approximate resonant frequency of the stylus 5, but 
subject to the frequency and phase errors discussed 
above . 

As shown in Figure 12, the stylus frequency determined 
by the stylus frequency determining unit 259 is output 
to a stylus state determining unit 2 61. If the 
determined stylus frequency is far enough from the 
decision frequency (f 4 ) then, with all errors accounted 
for, it is possible to determine the click state of the 
stylus 5. If the determined frequency is not far enough 
from the decision frequency (f 4 ), then the stylus state 
remains uncertain . 

In this embodiment, immediately after the first stage 
measurement cycle has been carried out, a second more 
accurate measurement cycle is performed using a pulse- 
echo excitation/reception cycle with N TX = Nrx = 16 and 
with the fundamental frequency F 0 of the excitation 
signal being chosen to be close to the resonant frequency 
of the stylus 5 determined in the first measurement stage 
by the stylus frequency determining unit 259. This 
closeness between the excitation frequency and the stylus 
resonant frequency allows for the greater number of 
transmission cycles and reception cycles to be used, 
thereby allowing for more accurate position and phase 
measurements to be obtained and allowing for a more power 
efficient measurement cycle. * 
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In particular, in -this embodiment , the excitation and 
receive control unit 57 receives the approximate resonant 
frequency of the stylus 5 determined by the stylus 
frequency determining unit 259 from the signals of the 
first stage measurement cycle. It then outputs a control 
signal to the variable frequency generator 53, setting 
the fundamental frequency (F 0 ) of the excitation and 
mixing signals to be generated* The excitation and 
receive control unit 57 also outputs appropriate gate 
control signals to the excitation gate controller 61 and 
the receive gate controller 67 so that, in the second 
stage measurement cycle, sixteen excitation periods are 
transmitted and so that the integration of the 
demodulated signals is performed over sixteen excitation 
periods (i.e. N TX = Nrx = 16). The data from this second 
more accurate measurement cycle is then passed to the 
position processor 257 and the stylus frequency 
determining unit 259 as before, where more accurate 
estimates of the x-y position of the stylus 5 relative 
to the sensor board 13 and the resonant frequency of the 
stylus 5 are determined. This more accurate measurement 
of the resonant frequency of the stylus 5 is then passed 
to the stylus state determining unit 261 which compares 
the measured frequency with the decision frequency f 4 to 
determine if the stylus 5 is in its clicked state or its 
unclicked state. This determination together with the 
accurate x-y position measurement is then passed to the 
PDA electronics via the interface 77. 

The entire two-stage measurement process described above 
is then repeated so that the position of the stylus 5 
relative to the sensor board 13 can be tracked. 

As t:hose skilled in the art will appreciate, the above 
processing provides a number of advantages* * These 
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include : 

i) power consumption of the system may be reduced by 
cancelling the second stage measurement if the 
first stage measurement does not detect the 
presence of the stylus 5; 

ii) the first measurement stage can be optimised to 
minimise power consumption since' accurate detection 
of position and resonant frequency of the stylus 5 
is performed in the second measurement stage; 

iii) in the second measurement stage , the excitation 
frequency transmitted may be at one of a set fixed 
number of frequencies spread between f 0 and f 8 
(usually the closest one to the resonant frequency 
of the stylus 5 determined from the first 
measurement stage) r thereby simplifying the 
decision making process and making the system more 
deterministic; 

iv) if the first measurement stage results in high 
signal amplitudes (e.g. because the stylus 5 is in 
close proximity to the sensor board 13 ), then the 
second measurement stage can be performed at a 
lower power level while still maintaining 
sufficient frequency and position accuracy and 
resolution , thereby saving power; and 

v) if the first measurement cycle results in low 
signal amplitudes then the processing electronics 
can increase the power or increase the sensitivity 
of the detection circuits for the second 
measurement cycle (this is an advantage over the 
prior art systems where power level and sensitivity 
settings are set for worst case conditions , 
resulting in power consumption that is higher than 
is actually required on average). 



Modifications and Alternative Embodiments 
In the above embodiment, a hand- held personal digital 
assistant has been described which includes an x-y 
digitising tablet which operates with a resonant stylus. 
Various novel features of the digitiser windings, the 
stylus and the processing electronics have been described 
which make the system suited for such low cost high 
volume applications. The skilled reader will appreciate 
that many of the novel aspects of the system described 
are independent of each other. For example, the stylus 
described above can operate with the prior art digitiser 
windings described in US 487 8553 or W098/58237 and the 
digitiser windings described above can operate with the 
prior art stylus , such as those described in US 5565632, 
or with any other prior art magnetic field generating or 
altering device . 

A number of modifications and alternative embodiments 
will now be described. 

In the above embodiment, a magnetic washer was provided 
to increase the change in the resonant frequency of the 
stylus between its clicked and unclicked states. As 
those skilled in the art will appreciate, it is not 
essential to use such a magnetic washer. Further, if a 
magnetic washer is to be used, it is not essential that 
the washer is split. However, using a split washer 
prevents eddy currents being generated in the washer 
which would generate their own magnetic field which would 
oppose the magnetic field generated by the reson'ant 
circuit. Further, if a washer is to be used, it does not 
need to be formed as a flat ring with circular inner and 
outer edges. For example, the washer may be star-shaped, 
with a star-shaped or square etc. central hole. Further, 
the washer need not necessarily have a smaller inside 
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diameter than the ferrite rod. Figure 14 illustrates an 
alternative embodiment where the ferrite rod 15 3 may pass 
through the magnetic washer 157 in operation. In 
particular , Figure 14a illustrates the alternative stylus 
design in the unclicked state , with the ferrite rod 153 
extending through the inner diameter of the split washer 
157. As pressure is applied to the nib 159 of the 
stylus , the ferrite rod 153 passes through the washer 157 
thereby increasing the gap between the ferrite rod 153 
and the split washer 157. 

In the main embodiment described above, the unclicked 
position of the ferrite rod relative to the coil and the 
split washer was defined by the distance between the rear 
face 159a of the nib 159 and the front face 160a of the 
nib's head 160; and the distance between the first 
shoulder 167 and the second shoulder 168 of the front 
body portion 152. Alternatively, the unclicked position 
may be defined by the thickness of a non-conductive , non- 
magnetic spacer. Such an embodiment is illustrated in 
Figure 15 which shows the spacer 303 provided between the 
ferrite rod 153 and the washer 157. The thickness of the 
spacer 303 can be tightly toleranced compared to 
dimensions of injection-moulded parts. In this case, 
plastic tolerances ensure that the rear face 159a of the 
nib 159 does not touch the spacer 303 in the unclicked 
state. In the clicked state, shown in Figure 15b, the 
ferrite rod 153 position relative to the coil 45 and 
washer 157 is defined by only one dimension, the distance 
between the rear face 159a of the nib and the rear face 
160b of the nib head 160. That dimension can be tightly 
controlled since the same side of an injection mould tool 
can define both faces. In a further alternative, the 
spacer 303 can be "omitted, but low unclicked resonator 
Q- factor may result due to eddy currents in the split 
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washer since the ferrite rod 153 will rest on the split 
washer 157. 

The split washer may be manufactured from Permalloy for 
low cost and ease of handling, or from any other 
magnetically permeable metals such as Mumetal or spin- 
melt ribbon- A non-conductive magnetically permeable 
device , for example a ferrite component, may replace the 
metal washer. In- this case, there is no need for a split 
in the washer and the ferrite and washer may contact each 
other without Q- factor penalty. The ferrite component 
may be thicker than the washer since it is easier to 
manufacture and handle that way. There will be an 
increase in the frequency shift between the clicked and 
unclicked frequencies in this case, due to the low 
resistance to magnetic field passing through the washer 
component. However, a disadvantage of a ferrite washer 
component is that the tolerance on its thickness may be 
significantly greater than that of a thin metal washer. 

In the above embodiment, the resonant frequency of each 
stylus was tested for both the clicked and unclicked 
states at the time of manufacture, to ""ensure that the 
resonant frequencies were within the manufacturing 
tolerances. If they were not, then the stylus was 
discarded. Alternatively, if the clicked or unclicked 
resonant frequency do not meet the required manufacturing 
limits, then the manufacturing step may include the 
additional step of varying the stylus set-up in order to 
change the clicked resonant frequency and/or the 
unclicked resonant frequency. This may be achieved in 
a number of different ways. 

Figure 16 schematically illustrates a mechanical "approach 
to varying the clicked and unclicked resonant frequencies 



of the stylus at the time of manufacture. In this case, 
the resonant frequency is adjusted with a small 
adjustment in the relative axial position of the ferrite 
rod 153 and the nib 159- This adjustment is achieved 
with a pin 301 sliding in a recess 302 in the nib 159. 
The pin 301 or recess 302 or both may be splined to 
prevent the pin insertion creating stored pressure that 
subsequently shifts the position of the pin 301. Glue 
is preferably applied to the pin 301 or recess 302 before 
assembly. When the ferrite rod 153 has been dropped into 
position or is forced downwards to press the pin 301 into 
the nib 159 until a frequency measurement system, such 
as the one illustrated in Figure 10, indicates the 
optimum frequency has been reached. This adjustment step 
may be performed with the nib 159 in any chosen position 
with an appropriate frequency target, such as the desired 
clicked or unclicked resonant frequency. 

A similar approach is to perform an initial test of the 
resonant frequency of the stylus with a pin 301 of known 
length, then to remove this pin 301 and ferrite rod 153 
and to reassemble it with an alternative pin 301 whose 
length is determined by the results of the initial test. 
An alternative to this approach is illustrated in Figure 
17, where a spacer 303 is added between the nib 159 and 
the ferrite rod 153, with the thickness of the spacer 
being determined from the initial test. The initial test 
may be performed with a stylus with no spacer, or 
possibly a reference spacer. In both these situations, 
the algorithm for choosing a spacer or pin component may 
be performed automatically by the signal detector,, 
processor and display unit of the test apparatus. 

As* a further alternative to removing the ferrite rod 153 
in order to remove a pin 301 to adjust frequency, the 



height of the rear end face 159a of the nib 159 relative 
to rear face 160b of the nib head 160 can be reduced by 
spinning the ferrite rod 153 at high speed and pressing 
it against the nib 159 until the friction has softened 
the nib 159 and the ferrite rod 153 has reached the 
required position* 

Another alternative is to assemble the stylus 5 with the 
coil 45 free to slide,, requiring a modification to the 
design of the rear body portion 154 so that it no longer 
locates the coil 45 against the front body shoulder 167. 
Initially, the coil 45 would be against the front body 
shoulder 167. The resonant frequency of the stylus would 
then be tested with an appropriate test apparatus. The 
nib 159 would then be forced upward and released and the 
unclicked frequency measured. While the unclicked 
frequency is above the desired resonant frequency, this 
process would be repeated, each time increasing the 
distance between the coil 45 and the front body head 160. 
In this way, the unclicked frequency is set to the target 
value. The coil 45 may then be glued in position, for 
example, by injecting glue through a small hole in the 
side of the stylus body. Or, if glue were previously 
applied to the coil 45, the cure time of the glue may be 
chosen such that movement during adjustment as described 
above is possible but further movement after adjustment 
is prevented. 

As. those skilled in the art will appreciate, it is also 
possible to vary the resonant frequency of the resonator 
41 by changing the length of the ferrite rod 153. For 
example, when the front body sub-assembly is tested using 
the test apparatus, the top of the ferrite rod 153 may 
be ground shorter until the resonant frequency reaches 
the desired target value. Alternatively, as illustrated 



in Figure 18 , an additional length of ferrite 305 may be 
added to the assembly, to increase the effective length 
of the ferrite rod 15 3. Again, the length of this 
additional ferrite component 305 would be chosen 
depending on the results of an initial test of the 
resonant frequency. As shown in Figure 18 , in this case, 
the plastic sleeve 155 preferably acts to retain the 
additional ferrite component 305. 

As an alternative to mechanical trimming, the value of 
the capacitor 4 3 may be modified, for example by laser 
trimming. Another option is to vary the number of turns 
in the coil 45. For example, turns may be added or 
removed from the coil 45 with the stylus in a test 
apparatus such as that shown in Figure 10. The coil ends 
would be left long so that it is possible to wind further 
turns over the plastic sleeve 155. The operator would 
add or subtract turns until the resonant frequency of the 
stylus reached the required target frequency band. 

As a further alternative, the coil 45 may be manufactured 
with a variable number of turns in order to compensate 
for the variability in other components such as the 
capacitor 43. For example, Figure 19 illustrates a plot 
325 which shows that the resonant frequency of the 
resonator 41 varies by +/- 2.5% in response to a 
variation in the capacitor value of +/- 5%. Therefore, 
if the number of coil turns is matched to the capacitor 
value, by first measuring the capacitor value and then 
matching it with a coil with an appropriate number of 
turns, the frequency variability can be reduced 
dramatically. For example, the number of coil turns may 
be specified from plot 321 illustrated in Figure 20 and 
results in +A- 0.15% frequency variability, as 
illustrated in plot 327 shown in Figure 19. As those 



skilled in the art will appreciate, an automated machine 
may perform this selection process. A station of the 
machine would measure the capacitor's value and would 
send a signal to a coil winding station specifying how 
many turns to wind. On completion of the winding , the 
capacitor 43 would then be welded to the coil 45. 

In the main embodiment described above, the rear body 
portion 154 maintains the coil 45 in position. As an 
alternative, the coil 45 may be fixed in place before the 
rear body portion 154 is fixed in position. For example, 
glue may be applied between the plastic sleeve 155 and 
the front body portion 152. In this case, the plastic 
sleeve 155 acts to prevent glue from flowing onto the 
ferrite rod 153 and fouling operation. 

In the main embodiment described above, a two-stage 
pulse-echo measurement process was carried out. In the 
first stage, three excitation pulses were transmitted and 
the received signals were integrated over three 
excitation periods and in the second stage sixteen 
excitation pulses were transmitted and the received 
signals were integrated over sixteen excitation periods. 
As those skilled in the art will appreciate, the precise 
number of excitation periods and/or receive periods used 
may be varied depending on the system design. Further, 
it is not essential for the number of excitation periods 
to match the number of receive periods . It is also 
possible to vary the number of excitation periods without 
varying the number of receive periods between the first 
and second measurement stages. Similarly, it is possible 
to vary the number of receive periods over which the 
signals are integrated without varying the number of 
excitation periods during the two measurement stages. 
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In the above embodiment, the excitation and processing 
circuitry was formed in the same device as the excitation 
and sensor windings- As those skilled in the art will 
appreciate, the excitation and the processing circuitry 
may be provided on a remote body from the sensor 
windings* All that is required is that the resonant 
stylus be energised by an appropriate energising field 
and for the signals received in the sensor windings to 
be transmitted to the processing circuitry. 

As those skilled in the art will appreciate , the 
excitation and processing techniques described above may 
be used with other types of windings and with other types 
of stylus , such as those described in US 4878553. 
Similarly, the above-described stylus may be used with 
different types of windings such as those described in 
US 4878553 or it can be used with other types of 
processing electronics. 

In the main embodiment described above, the number of 
excitation pulses transmitted during the second 
measurement cycle was fixed at sixteen. In an 
alternative embodiment, the number of excitation pulses 
used in the second measurement cycle may be varied, 
depending on the results of the first measurement cycle. 
For example, if the processing electronics can determine 
the click state of the stylus from the signals of the 
first measurement cycle, the second measurement cycle may 
be adapted to transmit fewer excitation pulses, thereby 
saving power. If the system can determine the click 
state of the stylus from the first measurement cycle, 
then it is not necessary for the system to recalculate 
the click status of the pen from the signals received in 
the second measurement cycle. Similarly, if the system 
can determine the x,y position of the stylus from the 
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signals in the first measurement cycle , then it is not 
necessary for the system to recalculate that position 
using the signals from the second measurement cycle. 
Further,, as those skilled in the art will appreciate,, if 
the processing electronics can determine both the 
resonator state and the resonator's position from the 
signals in the first measurement cycle, it is not 
essential to perform the second measurement cycle at all. 
In this case, an appropriate inhibiting signal may be 
output to the excitation and receive control unit to 
prevent the performance of the second measurement cycle. 

In the above embodiment, the stylus was designed so that 
when pressure was applied to the nib of the stylus the 
resonant frequency increased. As those skilled in the 
art will appreciate, the stylus may be designed so that 
the resonant frequency decreases when pressure is applied 
to the nib. This may be achieved, for example, by 
placing the coil towards the rear end of the ferrite rod. 

In the above embodiment, a biasing spring was provided 
towards the rear of the stylus. In an alternative 
embodiment, this spring may be replaced by a low force 
spring at the nib-end of the inductor coil. However, in 
such an embodiment, the spring may need to be made short 
and therefore of an undesirably thin wire diameter to 
ensure a low actuation force for the nib, which adds to 
the component cost and assembly difficulty. Further, the 
use of a metal spring at the nib end may adversely 
interfere with the resonator's magnetics. A plastic 
spring arrangement could be used instead, but this would 
be susceptible to creep over time, resulting in a loss 
of return force . 

The above embodiment has described a hand-held personal 
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digital assistant which employs a digitising system which 
is embedded behind the LCD of the device. As those 
skilled in "the art will appreciate, the digitising system 
described above can be used for various applications . 
It is particularly useful , however, for low cost high 
volume consumer products such as PDAs, web browsers and 
mobile telephones and the like. Figure 21 illustrates 
the way in which a mobile telephone 351 may be adapted 
to include a liquid crystal display 355 and underneath 
the display an x-y set of digitiser windings such as 
those described above which are operable to sense the 
position of a resonant stylus 357. The digitising system 
may be used to allow the user to create, for example, 
short text messages which can then be sent by the mobile 
telephone to another party. If the mobile telephone 
includes, for example, an organiser, then the digitiser 
can be used to control the inputting, manipulation and 
outputting of data from the organiser. 

In the first embodiment, the digitiser system employed 
a number of sensor windings, an excitation winding and 
a resonant stylus. In an alternative embodiment, rather 
than using a resonant stylus, a stylus having either a 
short-circuit coil or a magnetic field concentrator (such 
as a piece of ferrite) could be used. However, in such 
embodiments, lower signal levels would be induced in the 
sensor windings and the system could not operate in the 
pulse-echo mode of operation since the non-resonant 
elements do not continue to "ring" after the excitation 
signal has ended. In a further alternative embodiment r 
rather than using a passive stylus, a powered stylus 
could be used with the sensor windings discussed above. 
In this case, since the stylus has power to generate its 
own magnetic field, there is rlo need for the excitation 
winding, although it may still be provided in order to 



give a phase reference signal to the stylus. The power 
to the stylus may be provided either by a battery 
contained within the stylus or by connecting the stylus, 
via a lead, to a power source. As those skilled in the 
art will appreciate, whilst such powered stylus 
embodiments are possible, they are not preferred since 
they increase the cost of the stylus and/or they require 
a lead to the stylus which interferes with the normal use 
of the device by the user. 

In the above embodiment, a single resonant stylus was 
provided. As those skilled in the art will appreciate, 
the system may operate with multiple styluses having 
different resonant frequencies. Each stylus may then be 
assigned a different function in the system. 

In the above embodiments, the ferrite core was mounted 
for movement with the tip and the coil was fixed to the 
housing. As those skilled in the art will appreciate, 
the stylus can operate with the ferrite core being fixed 
relative to the housing and the coil being mounted for 
movement with the tip. In such an embodiment, the washer 
would preferably be mounted for movement with the coil 
relative to the ferrite core. Various other 

modifications to the stylus will be apparent to those 
skilled in the art and will not be described further 
here. 

In the above embodiment, a processing channel comprising 
two mixers and an integrator was provided for each sensor 
winding. In an alternative embodiment, a single 
processing channel may be used to process the signals 
induced in all the sensor windings in a time multiplexed 
manner. As those skilled in the art will appreciate, 
whilst this reduces the complexity of the processing 



electronics, it increases the time required to obtain a 
position measurement* 

In the above embodiment, the sensor windings were 
arranged to have a sensitivity to magnetic field from the 
resonator which approximately varies as a single period 
of a sinusoid over the measurement range. As those 
skilled in the art will appreciate, the sensor windings 
may be arranged so that this sensitivity varies through 
multiple periods of a sinusoid. In this case, the system 
will have to keep track of the current .period in which 
the resonant stylus is located. Examples of such 
multiperiod windings can be found in the applicant's 
earlier International Application W098/58237. Another 
alternative is that the sensor windings are arranged so 
that their sensitivity to the magnetic field from the 
resonator varies through a fraction of a sinusoid over 
the measurement area. Such an embodiment is particularly 
useful in applications where the measurement area is 
rectangular, in order to ensure that the pitch of the x 
sensor windings and the y sensor windings are the same. 

In the above embodiment, the excitation winding was used 
to energise the resonator and the signals received in the 
sensor windings were used to identify the resonator 
position. In an alternative embodiment, the sensor 
windings may be used to energise the resonator and the 
signals received on the excitation winding used to 
identify the location of the resonator. In such an 
embodiment, either the sensor windings would have to be 
energised in turn or if the sensor windings are energised 
together then separate excitation frequencies would have 
to be applied to each (which would require separate 
resonant circuits in the resonator which resonate at 
those frequencies) so that the processing electronics can 



distinguish the received signals* Alternatively still , 
the system could operate by energising the resonator 
using one of the sensor windings and then receiving the 
signal from the resonator on another sensor winding. The 
way that such a system can operate is described in the 
applicant's earlier International Application W098/58237. 

In the above embodiment, the excitation winding was wound 
around the outside of the sensor windings. In order to 
extend the measurement range of the sensor windings as 
far as possible towards the periphery of the sensor PCB, 
some of the turns of the excitation coil may 
alternatively be interlaced with the conductors of the 
sensor windings. This arrangement can also help maintain 
uniform outer coil field/sensitivity over the entire 
sensor board, which helps minimise the dynamic range of 
the sensor system and hence simplifies the design. 

The sensor PCB which carries the excitation and sensor 
windings may be manufactured on a flexible printed 
circuit board. In this case, the connecting portion may 
be extended to form a flexible tail for connecting the 
coils to the processing electronics . A flexible PCB can 
also be used to minimise the thickness of the sensor 
board, e.g. to less than 0.2mm. 

As described above, each of the sensor windings comprises 
a number of primary sensing conductors and a number of 
connecting conductors for connecting the primary sensing 
conductors to each other. In the embodiment described 
above, the primary sensing conductors for the x-position 
sensor windings were located substantially in the y- 
direction whilst those for the y-position sensor windings 
extended substantially in the x-direction. As -those 
skilled in the art will appreciate, this is not 
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essential, the primary sensing conductors only have to 
cross the relevant measurement direction. 

In the above embodiment , an electrostatic screen formed 
from a layer of carbon ink was provided between the 
sensor PCB and the backlight for the LCD. Other 
conductive layers may be used such as an evaporated 
aluminium film coating or a cross-hatched, fishbone or 
comb-shaped copper layer. Alternatively still, if the 
base of the electroluminescent backlight layer 11 can be 
grounded, then this can effectively act as the 
electrostatic screen instead. 

In the above embodiment, a hand-held personal digital 
assistant has been described which employs a liquid 
crystal type display. As those skilled in the art will 
appreciate, the above digitiser system can be employed 
with other types of screen , such as TFT screens and the 
like. 

In the above embodiment, the sensor PCB was located 
directly underneath the LCD of the hand-held PDA device. 
As those skilled in the art will appreciate, the sensor 
PCB does not have to be located underneath the LCD, it 
can, for example, be located to one side of it. However, 
if this is the case, then the overall size of the device 
will have to be larger. 

In the above embodiment, each of the sensor windings was 
formed using multiple turns of conductor. As those 
skilled in the art will appreciate, the sensor windings 
can be formed using a single turn of conductor. However, 
this is not preferred, since the sensor winding's 
sensitivity to ^the magnetic field generated by the 
resonator is less sinusoidal and the signal levels output 
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are smaller. It is therefore preferred to have as many 
turns as possible in the sensor windings. 

In the main embodiment described above, most of the 
primary sensing conductors of each phase quadrature 
sensor winding have an. irregular form with multiple bends 
along their length. As those skilled in the art will 
appreciate, this is not essential. In an alternative 
embodiment one of the phase quadrature windings may be 
a conventional type of winding having substantially 
parallel primary sensing conductors (such as those 
described in WO 00/33244), with the primary sensing 
conductors of the other phase quadrature winding having 
multiple bends along their length which are designed to 
compensate for the positional errors of the conventional 
winding . 

In the above embodiment, sensor windings were used which 
were designed to have an approximate sinusoidal coupling 
with the resonant stylus, as a result of which the 
signals output from the sensor windings varied 
approximately sinusoidally with the position of the 
stylus relative to the windings. As those skilled in the 
art will appreciate, the approach taken to the design of 
the sensor windings described above is not limited to 
such "sinusoidal" windings. The technique can be used 
on any windings which produce an output signal which 
varies in a non-monotonic fashion with the position to 
be measured and in which two or more of . such sensor 
windings are used to resolve the ambiguity caused by this 
non-monotonic characteristic of the windings by 
appropriate processing of the sensor signals by the 
processing electronics. 

In the above embodiment , the signals induced in the 
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sensor windings were mixed with the excitation signal and 
a 90° phase shifted version of the excitation signal in 
order to generate in phase and quadrature phase outputs , 
from which the electrical phase information of the 
resonator was determined. As those skilled in the art 
will appreciate, other techniques can be used in order 
to extract this resonator electrical phase information , 
such as the timing of zero crossings of the resonator 
signals, although this technique is not preferred because 
it is sensitive to noise. Further, if the sensed signals 
are to be mixed with phase offset mixing signals, it is 
not essential that the mixing signals be 90° out of 
phase. However, this is preferred since it simplifies 
the measurement of the electrical phase. 

In the above embodiments, two-dimensional x-y digitising 
systems have been described. As those skilled in the art 
will appreciate, some aspects of the present invention 
are not, however, limited to two-dimensional position 
encoders. In particular, some aspects of the present 
invention can be incorporated into a one-dimensional 
linear or rotary position encoder. For example, the 
resonant stylus, the sensor windings or the processing 
electronics described above could be used in a linear 
position detector. Further, it is not essential to use 
multiple sensor windings. The signals from a single 
sensor winding may be . used to determine both the 
electrical phase information and the position 
information. 

In the above embodiments, the resonator was magnetically 
coupled to the excitation windings and the sensor 
windings. As those skilled in the art will appreciate, 
the above processing electronics may be used in systems 
where the excitation device and/or the sensing device are 



capacitively coupled to the resonator. 

In the above embodiments, the signals output from the 
sensor windings were used and position measurements were 
obtained by performing an arc-tangent calculation. As 
those skilled in the art will appreciate, it is possible 
to extract the position information from the received 
signals without performing such an arc-tangent 
calculation. The applicant's earlier International 
Applications WO98/00921 or WO90/34171 disclose 
alternative techniques for determining the position 
information from the signals induced in the sensor 
windings . 

In the above embodiments, two phase quadrature sensor 
windings in each of the x- and y-directions were used in 
order to generate signals which varied with position in 
phase quadrature to each other. As those skilled in the 
art will appreciate, this is not essential. As long as 
the windings are separated along the measurement axis by 
some non-zero or non-multiple of 180° phase shift, the 
signals induced in the sensor windings can be processed 
to extract the position information. 

Various other modifications and alternative embodiments 
will be apparent to those skilled in the art. 
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CLAIMS ; 

1 . A position indicator for use with a position 
detector the position indicator comprising: * 
a housing; 

a moveable nib extending from the housing and 
moveable relative to the housing between a retracted 
position and an extended position; 

a sensing coil; 

a first flux linkage element which extends at least 
partially through the coil; 

wherein said sensing coil and said first flux 
linkage element are mounted for relative movement with 
the movement of said nib r whereby the inductance of said 
coil is changed with the movement of said nib; 

characterised by a second flux linkage element whose 
position is fixed relative to said sensing coil and which 
is arranged relative to the first flux linkage element 
so that the distance between said first and second flux 
linkage elements varies with the movement of said nib 
relative to the housing. 

2. A position indicator according to claim 1, wherein 
said second flux linkage element comprises a washer. 

3. A position indicator for use with a position 
detector , the position indicator comprising: 

a housing; 

a moveable nib extending from the housing and 
moveable relative to the housing between a retracted 
position and an extended position; 

a sensing coil; 

a flux linkage element which extends at least 
partially through the coil; 

wherein said sensing coil and said flux linkage 
element are mounted for relative movement with the 
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movement of said nib, whereby the inductance of said coil 
is changed with the movement of said nib; 

characterised by a magnetically permeable washer 
whose position is fixed relative to said sensing coil and 
which is arranged relative to the flux linkage element 
so that the distance between said washer and said flux 
linkage element varies with the movement of said nib 
relative to the housing . 

4. A position indicator according to claim 2 or 3 , 
wherein said washer has a non-circular central hole. 

5. A position indicator according to any of claims 2 
to 4, wherein said sensing coil is fixed within said 
housing , wherein means is provided for transmitting 
movement of said nib to said flux linkage element so that 
said nib and said flux linkage element are slidably 
mounted within said housing and wherein said movement 
transmitting means acts on said first flux linkage 
element through a central hole of said washer. 

6. A position indicator according to claim 5, wherein 
said movement transmitting means is formed integrally 
with said nib. 

7. A position indicator according to any of claims 2 
to 6, wherein said washer comprises a magnetically 
permeable material. 

8. A position indicator according to claim 7 , wherein 
said magnetically permeable material is conductive. 

9. A position indicator according to any preceding 
claim, comprising a spring for spring biasing said nib 
in said extended position. 
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10. A position indicator according to claim 9, wherein 
said spring applies said biasing force on said nib 
through said first flux linkage element. -~ 

11. A stylus for use with a position detector, the 
stylus comprising: 

an elongate housing; 

a moveable nib mounted at one end of the housing for 
axial movement relative thereto in a first direction from 
a retracted position to an extended position and in a 
second, opposite direction from the extended position to 
the retracted position; 

a sensing coil; 

a flux linkage element; and 

wherein the sensing coil and the flux linkage 
element are mounted for relative movement with the 
movement of said nib, whereby the inductance of said coil 
is changed with the movement of said nib; 

characterised in that the nib comprises a shank with 
an enlarged head at one end and a tip at its other end, 
the head comprising a first axially facing abutment 
surface facing towards the tip, and the housing 
comprising a second axially facing abutment surface 
facing away from said one end * of the housing and co- 
operable with said first abutment surface to limit 
movement of the nib relative to the housing in said first 
direction. 

12. A stylus according to claim 11, wherein said 
enlarged head comprises a third axially facing abutment 
surface facing away from said tip and wherein the coil 
or the flux linkage element comprises a fourth axially 
facing abutment surface facing towards said tip and co- 
operable with said third abutment surface to limit 
movement of the nib relative to the housing in said 
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second direction. 

13. A stylus according to claim 12 , wherein said 
abutment surfaces are arranged so that the movement of 
said tip is less than 0.5mm. 

14. A stylus according to claim 12 or 13 , further 
comprising a capacitor connected across the ends of said 
coil to form a resonant circuit, and wherein the movement 
of said tip changes the resonant frequency of said 
resonant circuit. 

15. A stylus according to claim 14, wherein said change 
in resonant frequency is between 4% and 12% of said 
resonant frequency . 

16. A stylus according to any of claims 11 to 15, 
wherein said sensing coil is fixed within said housing 
and wherein said stylus further comprises means for 
transmitting movement of said nib to said flux linkage 
element. 

17. A stylus according to claim 16, wherein said 
movement transmitting means is integrally formed with 
said enlarged head of said nib. 

18. A stylus according to claim 16 or 17, further 
comprising a magnetic washer whose position is fixed 
relative to "said coil and wherein said movement 
transmitting means acts on said flux linkage element 
through a central hole of said washer. 

19. A stylus according to claim 18, wherein said washer 
comprises a magnetically permeable material. 
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20. A stylus according to any of claims 11 to 19, 
further comprising a spring for spring-biasing said nib 
in said extended position - 

21. A stylus according to claim 20 , wherein the biasing 
force of said spring acts on said nib through said flux 
linkage element. 

22. A stylus for use with a position detector, the 
stylus comprising: 

an elongate housing; 

a moveable nib mounted at one end of the housing for 
axial movement relative thereto in a first direction from 
a retracted position to an extended position and in a 
second, opposite direction from the extended position to 
the retracted position; 

a sensing coil; 

a flux linkage element; and 

wherein the sensing coil and the flux linkage 
element are mounted for relative movement with the 
movement of said nib, whereby the inductance of said coil 
is changed with the movement of said nib; 

characterised in that the nib comprises a shank with 
an enlarged head at one end and a tip at its other end, 
the head comprising a first axially facing abutment 
surface facing away from said tip, and the coil or the 
flux linkage element comprising a second axially facing 
abutment surface facing towards said tip and co-operable 
with said first abutment surface to limit movement of the 
nib relative to the housing in said second direction. 

23. A position detector comprising: 

first and second relatively moveable members, 
the first ^member comprising an electromagnetic 
resonator which , when energised, is operable to generate 



a resonator field which varies with time at a resonant 
frequency of the resonator; 

the second member comprising means for sensing the 
resonator field and for outputting a sensed signal in 
response, which sensed signal varies with time at said 
resonator frequency and which varies with the relative 
position of said first and second members; 

excitation means for generating a time varying 
excitation electromagnetic field comprising a sequence 
of excitation pulses , for energising said resonator; and 

processing circuitry for processing said sensed 
signal to determine the relative position of said first 
and second members and to estimate the resonant frequency 
of said resonator; 

characterised by control circuitry for controlling 
said excitation means and said processing circuitry to 
operate : 

i) in a first stage in which said excitation means 
is operable to generate an excitation field comprising 
a first number of excitation pulses at a predetermined 
excitation frequency and in which said processing 
circuitry is operable to process the resulting sensed 
signal to estimate the resonant frequency of said 
resonator; and 

ii) in a second stage in which said excitation means 
is operable to generate an excitation field comprising 
a second, greater number of excitation pulses 
substantially at the resonant frequency estimated in said 
first stage, and in which said processing circuitry is 
operable to process the resulting sensed signal to 
determine the relative position of said first and second 
members and/or to determine a more accurate estimate of 
the resonant frequency of said resonator. 

24. A position detector according to claim 23, wherein 



said processing circuitry is operable to process said 
sensed signal over a period of time corresponding to a 
number of said excitation pulses and wherein said control 
circuitry is operable to control said processing 
circuitry so that in said first stage, said processing 
circuitry is operable to process said sensed signal over 
a period of time corresponding to a first number of said 
excitation pulses and, in said second stage, to cause 
said processing circuitry to process the sensed signal 
over a period of time corresponding to a second, greater 
number of said excitation pulses. 

25. A position detector according to claim 23 or 24, 
wherein said second member comprises a plurality of said 
sensing means, each operable to generate a sensed signal 
which varies with time at said resonator frequency and 
which varies with the relative position of said first and 
second members, and wherein said processing circuitry is 
operable to process the sensed signal output from all of 
said sensing means. 

26. A position detector according to claim 25, wherein 
said processing circuitry comprises: 

a first mixer for mixing the sensed signal with a 
first time varying mixing signal having said excitation 
frequency to generate a first mixed signal; 

a first integrator for integrating the first mixed 
signal over a time period corresponding to a number of 
said excitation pulses, to generate a first signal value; 

a second mixer for mixing the sensed signal with a 
second time varying mixing signal having said excitation 
frequency, the second time varying mixing signal having 
a phase offset relative to said first time varying mixing 
signal, to generate a second mixed signal; and 

a second integrator for integrating the second mixed 
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signal over a time period corresponding to the number of 
said excitation pulses, to generate a second signal 
value • 

27. A position detector according to any of claims 23 
to 26 r wherein said sensing means comprises a sensor 
winding for sensing a magnetic field generated by said 
resonator. 

28. A position detector according to claim 27 r wherein 
said sensor winding comprises at least one loop of 
conductor . 

29. A position detector according to claim 28 , wherein 
said sensor winding comprises first and second loops of 
conductor which are arranged in succession along a 
measurement . direction and connected so that an EMF 
induced in the first loop by a common background 
alternating magnetic field opposes the EMF induced in the 
second loop. 

30. A position detector according to any of claims 23 
to 29 , wherein said sensing means is formed as one or 
more conductive tracks on a printed circuit board. 

31. A position detector according to any of claims 23 
to 30 , wherein said resonator comprises a coil and a 
capacitor. 

32. A position detector according to any of claims 23 
to 31 r wherein said excitation means is capacitively 
coupled to said resonator. 

33. A position vdetec tor according to any of claims 23 
to 31, wherein said excitation means is magnetically 
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coupled to said resonator* 

34. A position detector according to claim 33 , wherein 
said excitation means comprises one or more tracks of 
conductor on a printed circuit board. 

35. A position detector according to any of claims 23 
to 34, wherein said control circuit is operable to 
control said processing circuitry such that in said 
second stage, said processing circuitry processes the 
resulting sensed signal to determine the relative 
position of said first and second members and to 
determine a more accurate estimate of the resonant 
frequency of said resonator, 

36. A position detector comprising: 

first and second relatively moveable members, 

the first member comprising an electromagnetic 
resonator which, when energised, is operable to generate 
a resonator field which varies with time at a resonant 
frequency of the resonator; 

the second member comprising means for sensing the 
resonator field and for outputting a sensed signal in 
response, which sensed signal varies with time at said 
resonator frequency and which varies with the relative 
position of said first and second members; 

excitation means for generating a time varying 
excitation electromagnetic field comprising a sequence 
of excitation pulses, for energising said resonator; and 

processing circuitry for processing said sensed 
signal over a period of time corresponding to a number 
of said excitation pulses, to estimate the resonant 
frequency of said resonator and to determine the relative 
position between, said first and second members; 

characterised by control circuitry for controlling 
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said excitation means and said processing circuitry to 
operate : 

i) in a first stage in which said excitation means 
is operable to generate an excitation field comprising 
a number of excitation pulses at a predetermined 
excitation frequency, in which said processing circuitry 
is operable to process said sensed signal over a period 
of time corresponding to a first number of said 
excitation pulses , to estimate the resonant frequency of 
said resonator; and 

ii) in a second stage in which said excitation means 
is operable to generate an excitation field comprising 
a number of excitation pulses substantially at the 
resonant frequency estimated in said first stage, and in 
which said processing circuitry is operable to process 
said sensed signal over a period of time corresponding 
to a second greater number of said excitation pulses, to 
determine a more accurate estimate of said resonant 
frequency of said resonator and/or to determine the 
relative position between said first and second members. 

37. A position detector according to any of claims 23 
to 36, wherein Said control circuitry comprises means for 
comparing signals sensed by said sensing means in said 
first stage with a threshold and means for inhibiting the 
performance of said second stage in dependence upon a 
comparison result. 

38. A position detector according to any of claims 23 
to 37, wherein said control circuitry further comprises 
means for varying the number of excitation pulses 
transmitted during said second stage. 



9. A position vdetector according to any of claims 2 3 
o 38, wherein said processing circuitry is operable to 
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determine an initial estimate of the relative position 
of said first and second members using the signal sensed 
by said sensing means during said first stage. 

40. A position detector according to any of claims 23 
to 39 , wherein said first member comprises a plurality 
of states, each associated with a different resonant 
frequency of said resonator and wherein said processing 
circuitry is operable to compare said determined resonant 
frequency to determine a current state of said first 
member . 

41. A position detector comprising: 

first and second relatively moveable members, 

the first member comprising an electromagnetic 
resonator which, when energised, is operable to generate 
a resonator field which varies with time at a resonant 
frequency of the resonator; 

the second member comprising means for sensing the 
resonator field and for outputting a sensed signal in 
response, which sensed signal varies with time at said 
resonator frequency and which varies with the relative 
position of said first and second members; 

excitation means for generating a time varying 
excitation electromagnetic field comprising a sequence 
of excitation pulses at an excitation frequency, for 
energising said resonator; and 

processing circuitry for processing said sensed 
signal to determine the relative position of said first 
and second members and to estimate the resonant frequency 
of said resonator, the processing circuitry comprising: 

a first mixer for mixing the sensed signal with a 
first time varying mixing signal having said excitation 
frequency to generate a first mixed signal; 4 

a firs.t integrator for integrating the first mixed 
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signal over a time period corresponding to a number of 
said excitation pulses , to generate a first signal value; 

a second mixer for mixing the sensed signal with a 
second time varying mixing signal having said excitation 
frequency , the second time varying mixing signal having 
a phase offset relative to said first time varying mixing 
signal, to generate a second mixed signal; 

a second integrator for integrating the second mixed 
signal over «a time period corresponding to a number of 
said excitation pulses, to generate a second signal 
value; 

first processing means for processing said first and 
second signal values to estimate the resonant frequency 
of said resonator; and 

second processing means for processing at least one 
of said signal values to determine the relative position 
between said first and second members; 

characterised by control circuitry for controlling 
said excitation means and said processing circuitry to 
operate : 

i) in a first stage in which said excitation means 
is operable to generate an excitation field comprising 
a number of excitation pulses at a predetermined 
excitation frequency, in which said first and second 
integrators are operable to integrate said mixed signals 
over a time period corresponding to a first number of 
said excitation pulses and in which said first processing 
means is operable to process the resulting signal values 
to estimate the resonant frequency of said resonator; and 

ii) in a second stage in which said excitation means 
is operable to generate an excitation field comprising 
a number of excitation pulses substantially at the 
resonant frequency estimated in said first stage, in 
which said firsts and second integrators are operable to 
integrate said mixed signals over a time period 



corresponding to a second, greater number of excitation 
pulses , in which said first processing means is operable 
to process the resulting signal values to determine a 
second, more accurate estimate of the resonant frequency 
of said resonator and in which the second processing 
means is operable to process the resulting at least one 
signal value to determine the relative position of said 
first and second members. 

42. A position detector comprising: 

first and second relatively moveable members, 

the first member comprising an electromagnetic 
resonator which, when energised, is operable to generate 
a resonator field which varies with time at a resonant 
frequency of the resonator; 

energising means for generating a time varying 
excitation electromagnetic field comprising a sequence 
of excitation pulses at an excitation frequency, for 
energising said electromagnetic resonator; 

the second member comprising means for sensing the 
resonator field and for outputting a sensed signal in 
response, which sensed signal varies with time at said 
resonator frequency and varies with the relative position 
of said first and second members; 

processing means for processing said sensed signal 
to estimate the resonant frequency of said resonator and 
to determine the relative position between said first and 
second members; and 

first varying means for varying said energising 
means so that in a subsequent excitation process the 
frequency of the excitation field generated thereby is 
substantially at the resonant frequency estimated during 
a current excitation process; 

characterised by second varying means for varying 
the number of excitation pulses generated by said 



energising means during said subsequent excitation 
process . 

43. A position detector comprising: 

first and second relatively moveable members, 

the first member comprising an electromagnetic 
resonator which , when energised, is operable to generate 
a resonator field which varies with time at a resonant 
frequency of the resonator; 

energising means for generating a time varying 
excitation electromagnetic field comprising a sequence 
of excitation pulses at an excitation frequency , for 
energising said electromagnetic resonator; 

the second member comprising means for sensing the 
resonator field and for outputting a sensed signal in 
response, which sensed signal varies with time at said 
resonator frequency and varies with the relative position 
of said first and second members; 

processing means for processing said sensed signal 
over a period of time corresponding to a number of said 
excitation pulses, to estimate the resonant frequency of 
said resonator and to determine the relative position 
between said first and second members; and 

first varying means for varying said energising 
means so that in a subsequent excitation process the 
frequency of the excitation field generated thereby is 
substantially at the resonant frequency estimated during 
a current excitation process; 

characterised by second varying means for varying 
the period of time over which said _ processing means 
processes said sensed signal during said subsequent 
excitation process . 

44. A position detector comprising: 

first and second relatively moveable members, 
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the first member comprising an electromagnetic 
resonator which , when energised, is operable to -generate 
a resonator field which varies with time, at a resonant 
frequency of the resonator; 

energising means for generating a time varying 
excitation electromagnetic field comprising a sequence 
of excitation pulses at an excitation frequency, for 
energising said electromagnetic resonator; 

the second member comprising means for sensing the 
resonator field and for outputting a sensed signal in 
response, which sensed signal varies with time at said 
resonant frequency and varies with the relative position 
of said first and second members; 

a first mixer for mixing the sensed signal with a 
first time varying mixing signal having at said 
excitation frequency to generate a first mixed signal; 

a first integrator for integrating the first mixed 
signal over a time period corresponding to a 
predetermined number of said excitation pulses, to 
generate a first signal value; 

a second mixer for mixing the' sensed signal with a 
second time varying mixing signal at said excitation 
frequency, the second time varying mixing signal having 
a phase offset relative to said first time varying mixing 
signal, to generate a second mixed signal; 

a second integrator for integrating the second mixed 
signal over a time period corresponding to said 
predetermined number of said excitation pulses, to 
generate a second signal value; 

first processing means for processing said first and 
second signal values to estimate the resonant frequency 
of said resonator; 

second processing means for processing at least one 
of said signal , values to determine the relative position 
of said first and second members; and 



first varying means for varying said energising 
means so that in a subsequent excitation process the 
frequency of the excitation- field generated thereby is 
substantially at the resonant frequency estimated during 
a current excitation process; 

characterised by second varying means for varying 
the period of time over which said first and second 
integrators integrate said first and second mixed signals 
during said subsequent excitation process. 

45. Excitation and processing electronics for use with 
a position detector used to determine the position of a 
resonator relative to at least one sensor, the resonator 
being operable to generate a time varying resonator 
signal at a resonant frequency of the resonator and the 
sensor being operable to sense the resonator signal and 
to output a sensed signal at said resonator frequency 
which varies with the relative position between said 
resonator and said sensor r the excitation and processing 
circuitry comprising : 

excitation means for generating a time varying 
excitation electromagnetic field comprising a sequence 
of excitation pulses , for energising said resonator; 

processor circuitry for processing said sensed 
signal to estimate the resonant frequency of said 
resonator and to determine the relative position between 
said resonator and said sensor; and 

control circuitry for controlling said excitation 
means and said processing circuitry to operate: 

i) in a first stage in which excitation means is 
operable to generate an excitation field comprising a 
number of excitation pulses at a predetermined excitation 
frequency and in which said processing circuitry is 
operable to process the resulting sensed* signal to 
estimate the resonant frequency of said resonator; and 



ii) in a second stage in which said excitation means 
is operable to generate an excitation field comprising 
a second, greater number of excitation pulses 
substantially at the resonant frequency estimated in said 
first stage, and in which said processing circuitry is 
operable to process the resulting sensed signal to 
determine the relative position of said resonator and 
said sensor and/or to determine a more accurate estimate 
of the resonant frequency of said resonator. 

46. Excitation and processing electronics for use with 
a position detector used to determine the position of a 
resonator relative to at least one sensor, the resonator 
being operable to generate a time varying resonator 
signal at a resonant frequency of the resonator and the 
sensor being operable to sense the resonator signal and 
to output a sensed signal at said resonator frequency 
which varies with the relative position between said 
resonator and said sensor, the excitation and processing 
circuitry comprising: 

excitation means for generating a time varying 
excitation electromagnetic field comprising a sequence 
of excitation pulses, for energising said resonator; 

processor circuitry for processing said sensed 
signal over a period of time corresponding to a number 
of said excitation pulses, to estimate the resonant 
frequency of said resonator and to determine the relative 
position between said resonator and said sensor; and 

control circuitry for controlling said excitation 
means and said processing circuitry to operate: 

i) in a first stage in which said excitation means 
is operable to generate an excitation field comprising 
a number of excitation pulses at a predetermined 
< excitation frequency, in which said processing circuitry 
is operable to process said sensed signal over a period 



of time corresponding to a first number of said 
excitation pulses , to estimate the resonant frequency of 
said resonator; and 

ii) in a second stage in which said excitation means 
is operable to generate an excitation field comprising 
a number of excitation pulses substantially at the 
resonant frequency estimated in said first stage , and in 
which said processing circuitry is operable to process 
said sensed signal over a period of time corresponding 
to a second , greater number of said excitation pulses r 
to determine a more accurate estimate of said resonant 
frequency of said resonator and/or to determine the 
relative position between said first and second members. 

47. A resonant position indicating member for use in a 
position detector, the resonant position indicator 
comprising: 

a housing; 

a moveable nib extending from the housing and 
moveable relative to the housing between a retracted 
position and an extended position; 

a resonator; 

a flux linkage element which extends at least 
partially through a coil of said resonator; 

wherein said resonator coil and said flux linkage 
element are mounted for relative movement with the 
movement of said nib, whereby the inductance of said coil 
is changed with the movement of said nib to thereby vary 
the resonant frequency of said resonator; 

characterised in that the resonant position 
indicator comprises means for limiting the movement of 
said nib to a distance which is less than 0.5mm and 
wherein said coil and said flux linkage element are 
arranged so thatvthe resonant* frequency of said resonator 
varies by more than 5% of the resonator frequency between 



said extended and retracted positions. 



48. A resonant, position indicator according to claim 47, 
further comprising a magnetic washer whose position is 
fixed relative to said coil. 

49. A resonant position indicator according to claim 48, 
wherein said flux linkage element is elongate and wherein 
one end of said flux linkage element is operable to move 
closer to or further away from said washer with the 
movement of said tip between said retracted and extended 
positions . 

50. A resonant position indicator according to claim 49, 
wherein the end of said flux linkage element closest to 
said washer is further away from said washer when said 
nib is in said retracted position than when the nib is 
in said extended position. 

51. A resonant position indicator according to any of 
claims 47 to 50, wherein said flux linkage element only 
partially extends through said coil of said resonator 
when said nib is in said retracted or in said extended 
position. 

52. A position sensor including: 

first and second members which are relatively 
movable along a measuring path, the first member carrying 
a transmitter which, in use, is electromagnetically 
coupled to a receiver carried by the other member, which 
transmitter and receiver are arranged so that in response 
to the transmission of a signal by said transmitter, 
there is induced in said receiver first and second output 
signals which vary with the relative position of the 
first and second members along said measuring path; and 



means for determining the relative position of the 
first and second members along said measured path as a 
predetermined function of said first and second output 
signals; 

wherein at least one of the transmitter and receiver 
comprises first and second circuits, each circuit having 
a plurality of primary sensing conductors which are 
separated from each other along said path, which cross 
said path and which are connected together to form at 
least one loop; and 

wherein one or more of said primary sensing 
conductors of said first circuit have multiple bends 
whose positions are determined in order to compensate for 
position errors caused by the position of the primary 
sensing conductors of the second circuit through the 
operation of said predetermined function on said first 
and second output signals* 

53. A position sensor according to claim 52, wherein one 
or more of said primary sensing conductors of each of 
said first and second circuits have multiple bends whose 
positions are determined in order to compensate for 
position errors caused by the position of the primary 
sensing conductors of the other circuit through the 
operation of said predetermined function on said first 
and second output signals. 

54. A position sensor according to claim 52 or 53, 
wherein said primary sensing conductors are connected 
together to form at least two loops which are arranged 
along said measuring path and which are connected in 
series and arranged so that EMFs induced in adjacent 
loops by a common background alternating magnetic field 
oppose each other. 
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55. A position sensor according to any of claims 52 to 
54, wherein the at least one loop of said second circuit 
is spatially separated along said measuring path from the 
at least one loop of said first circuit. 

56. A position sensor according to claim 55, wherein 
said at least one loop of said second circuit is 
spatially separated along said measuring path by half the 
extent of the at least one loop of said first circuit. 

57. A position sensor according to any of claims 52 to 
56, wherein said primary sensing conductors are connected 
together to form at least one set of loops which are 
connected in series and arranged so that EMFs induced in 
loops of the same set by a common alternating magnetic: 
field add together. 

58. A position sensor according to any of claims 52 to 
56, wherein said transmitter comprises an electromagnetic 
device and wherein said second member comprises an 
excitation circuit for energising the electromagnetic 
device . 

59. A position sensor according to claim 58, wherein 
said electromagnetic device comprises an electromagnetic 
resonator; 

60. A position sensor according to claim 58 or claim 59, 
further comprising drive means for applying an input 
driving signal to said excitation circuit. 

61. A position sensor according to claim 60, wherein 
said drive means is operable to apply a pulse of said 
driving signal during a first time interval- and wherein 
said determining means is operable to determine the 



relative position of said first and second members from 
said first and second signals induced in said receiver 
during a second time interval after the first time- 
interval . 

62. A position sensor according to any of claims 52 to 
61 r wherein said predetermined function includes a ratio 
calculation of the first and second output signals. 

63. A position sensor according to claim 62 , wherein 
said predetermined function includes a trigonometric 
ratio calculation of the first and second output signals. 

64. A position sensor according to any of claims 52 to 
63, wherein said receiver comprises said first and second 
circuits. 

65. A position sensor according to claim 64 , wherein 
said primary sensing conductors are carried on a planar 
surface of said second member. 

66. A position sensor according to claim 65 , wherein 
said transmitter comprises a coil whose axis is generally 
perpendicular to said planar surface of said second 
member. 

67. A position sensor according to any of claims 52 to 
63 , wherein said transmitter comprises said first and 
second circuits. 

68. A position sensor according to any of claims 52 to 
6 7 r wherein said second member is fixed and wherein said 
first member is movable with respect to said second 
member . v 
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69. A position sensor according to any of claims 52 to 

68, wherein said measuring path is linear. 

70. A position sensor according to any of claims 52 to 

69, wherein said at least one of said transmitter and 
receiver further comprises third and fourth circuits, 
each having a plurality of primary sensing conductors 
which are separated from each other along a second 
measuring path which is substantially orthogonal to the 

...j.ther measuring path, whereby said position sensor is 
operable to determine the relative position of said first 
and second members in two dimensions. 

71. A position sensor according to any of claims 52 to 
68, wherein said measuring path is curved. 

72. A position sensor according to any of claims 52 to 
71, wherein said primary sensing conductors are connected 
together to form' at least two sets of loops arranged 
along said path, each loop extending along said path and 
said loops being connected in series and being arranged 
so that EMFs induced in loops of the same set by a common 
alternating magnetic field add together and so that EMFs 
induced in the first set of loops by a common alternating 
magnetic field oppose the EMFs induced in the second set 
of loops . 

73. A position sensor according to claim 72, wherein 
each set of loops comprises the same number of loops. 

74. A position sensor according to claim 72 or 73, 
wherein each set of loops is arranged to enclose 
substantially the same area. 

75. A position sensor according to any of claims 52 to 
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74 , wherein said first and second circuits are formed as 
conductive tracks on a printed circuit board. 

76. A position sensor according to claim 75 , wherein 
said printed circuit board is a two-layer printed circuit 
board. 

77. A position sensor according to claim 75 or 76 , 
wherein said printed circuit board is a flexible printed 
circuit board. 

78. A position sensing method characterised by the use 
of a position indicator according to any of claims 1 to 
10, a stylus according to any of claims 11 to 22, a 
position detector according to any of claims 23 to 44 , 
an excitation and processing circuitry according to claim 
45 or 46, a resonant position indicator according to any 
of claims 47 to 51 or a position sensor according to any 
of claims 52 to 77. 

79. A method of manufacturing a resonant position 
indicator , the method comprising the steps of: 

providing a housing; 

inserting a nib into one end of the housing so that 
the nib extends from the housing and is moveable relative 
to the housing between a retracted position and an 
extended position; 

inserting a resonator into the housing, the 
resonator comprising a coil and a capacitor; 

inserting a flux linkage element into the housing , 
the flux linkage element extending at least partially 
through the coil of said resonator; 

wherein the resonator coil and the flux linkage 
element are mounted for relative movement with the 
movement of said nib, whereby the inductance of said coil 
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is changed with the movement of said nib in order to 
change the resonant frequency of said resonator; 

determining the resonant frequency of said resonator 
when said nib is in said retracted position and when said 
nib is in said extended position; and 

comparing the resonant frequencies determined in 
said determining step with desired resonant frequencies* 

80. A method according to claim 79 , further comprising 
the step of discarding the current position indicator if 
said comparing step determines that said resonant 
frequencies are not within a predetermined amount of 
said desired resonant frequencies* 

81. A method according to claim 79 , further comprising 
the step of varying the resonant frequency of said 
resonator in dependence upon the results of said 
comparing step. 

82. A method according to claim 81, wherein said varying 
step comprises the step of varying the positional 
relationship between the said flux linkage element and 
said coil when said nib is in said retracted position and 
said extended position. 

83. A method according to any of claims 79 to 82, 
further comprising the step of measuring the capacitance 
of said capacitor and varying the number of turns of 
conductor forming said coil in dependence upon the sensed 
capacitor value. 

84. A method according to claim 83, wherein said means 
for varying the number of turns of conductor of said coil 
is operable* to y;ary the number of turns in accordance 
with a predetermined characteristic relating the number 
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of turns to measured capacitor value in order to form a 
resonant circuit having a predetermined resonant 
frequency. . „ 

85. A method according to any of claims 79 to 84 , 
further comprising the step of gluing a rear portion of 
said housing to a front portion of said housing after 
said determining and comparing steps. 
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ABSTRACT 



POSITION INDICATOR 



A low cost x-y digitising system is described for use in 
consumer electronic devices, such as portable digital 
assistants, mobile telephones, web browsers and the like. 
The digitiser includes a resonant stylus, an excitation 
winding for energising the resonant stylus and a set of 
sensor windings for sensing the signal generated by the 
stylus, from which the x-y position of the stylus is 
determined. A novel stylus design is described together 
with novel digitiser windings and novel excitation and 
processing circuitry. 
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FIG.10 
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FIG.18 
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